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SOME COMMON QUEENSLAND MOSQUITOES AS INTER- 
MEDIATE HOSTS OF WUCHERERIA BANCROFTI 
(FILARIA BANCROFTI)'. 


By G. M. HEYDON, M.B., D.P.H., D.T.M. & H. 


THE relative suitability and importance of different species of mosquitoes as 
intermediate hosts of Wuchereria bancrofti (Cobbold) in various countries is one 
of several fields of enquiry which will have to be more fully cultivated before 
the endemiology of filariasis is fully understood. In this respect filarial research 
lags behind malarial. 

Culex fatigans is generally considered to be the best and most important 
intermediate host of the typical form of W. banerofti, the microfilariae of 
which exhibit nocturnal periodicity, while Aédes variegatus is the host of the 
Polynesian variety of Wuchereria (possibly a distinct species), the micro- 
filariae of which show no periodicity. But C. fatigans cannot be the main 
vector in all countries, and it is possible that the degree of adaptation between 
the worm and a given species of mosquito is not the same in all parts of the 
world. 

All degrees of suitability for the larval development of W. bancrofti have 
been observed in mosquitoes of different species, from those in which the micro- 
filariae imbibed die without developing to those in which most of them become 
“mature” larvae ready to infect man. Favourable intermediate hosts include 
mosquitoes belonging to different genera, while on the other hand there are 
inhospitable species which are closely related to good vectors. 

The work here recorded adds a few facts concerning common Queensland 
mosquitoes. 

Queensland, where the adult worm was first found by Joseph Bancroft in 
1876, occupies an important place also in the history of the discovery of its life 
cycle, through the work both of Joseph Bancroft and later of T. L. Bancroft. 

Joseph Bancroft, as early at least as April, 1877, entertained the idea that 
mosquitoes might be concerned in the transmission of microfilariae, and he 
examined some which had fed on infected human blood, though without result. 
In the same year, Manson, quite independently, not only conceived the idea, 
but proved that a definite part of the life cycle took place in a particular 
mosquito. 

Twenty-two years later T. L. Bancroft (1899) arrived at the truth con- 
cerning the mode of transference of the larva from the mosquito to man, 1.e. 

? This work was done at the Australian Institute of Tropical Medicine at Townsville under the 


general direction of Dr R. W. Cilento, Director of the Division of Tropical Hygiene, Common- 
wealth Department of Health. 
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that it was not swallowed in mosquito-contaminated water but entered the 
skin from the insect’s proboscis. His paper also contains observations on 
various mosquito vectors in Queensland. In the same important paper he 
showed that mosquitoes if fed may live for weeks, and cleared up misconcep- 
tions about the development of filarial larvae in them which had arisen from 
acceptance of the current belief that they do not live for more than one week; 
he observed the whole course of development of the larvae of W. bancrofti in 
mosquitoes referred to as C. ciliaris, the “house mosquito of Australia,” 
which he later (1901) recognised to be C. fatigans Wied. He was also in 1901 
the first to indicate the true method of emergence of the larvae from the 
labium, by breaking out at its tip. In a further paper in 1903 he described the 
surest way of ascertaining the precise point at which the larvae issue from the 
mosquito during the natural act of biting (the distal end of either labellum). 

Since the work of T. L. Bancroft little has been added to the knowledge 
of mosquitoes as vectors of W. bancrofti in Australia except some observations 
by M. J. Walker (1924) on C. fatigans, C. annulirostris, Aédes vigilax and 
A. argenteus. 


THE AUTHOR’S OBSERVATIONS. 


Two residents of Townsville with microfilariae in their night blood were 
used to infect the mosquitoes in the work here recorded; both were young men 
of British descent who had lived all their lives in Australia and acquired their 
infestations in Queensland. Their microfilariae corresponded in morphological 
details with those of W. bancrofti and not with those of Filaria malayi Brug, 
the only nocturnally periodic microfilariae at present known in man which 
could be mistaken for those of W. bancrofti. These two hosts are indicated by 
the letters H. and W.; batches of mesquitoes were fed on H. on two different 
occasions and on W. on three occasions; these are indicated in the Tables that 
follow by the letters (a), (6) and (c). 

The number of microfilariae in samples of finger blood taken from these 
hosts on different evenings varied considerably, and much more than the 
counts in successive samples drawn at short intervals on the same evening. 
The accurate counts made, unfortunately few in number, are recorded in 
Table I. Except in one instance, counts were made about the time the mos- 
quitoes were fed; they fed on the flexor and ulnar aspects of the forearm as it 
was resting on a gauze-covered aperture in their box; the microfilarial counts 
were always made with blood drawn from a prick with a surgical needle near 
the root of one of the finger nails; successive samples were sometimes taken 
from fingers of different hands. 

The species of mosquitoes used were C. fatigans Wied., Anopheles amictus 
Edwards, Aédes vigilar (Skuse), C. sitiens Wied. and Aédes argenteus (Poiret). 
In all cases they fed once only on infected blood; at other times they were fed 
mainly on dates; the air of their boxes was kept very humid; after the feed of 


& 
: 
i 
2 


G. M. Hrypon 417 


blood no males were present. Except where otherwise noted, the mosquitoes 
were all reared in the laboratory from collections of larvae and pupae. 

The experiments were made during summer weather in Townsville and the 
infected mosquitoes were kept throughout in a closed room where means were 
used to keep the temperature as uniform as possible (about 30-5° C. maximum 
during day and 28° C. minimum at night). 

Before dissection of each mosquito its species was carefully determined 
with the help of Mr F. H. Taylor. The proboscis, head, thorax, and abdomen 
and occasionally the legs and antennae were dissected under a microscope. 
Such examination was always sufficient to reveal all the large and motile 
larvae, as well as the larvae living or dead of other stages, except perhaps some 
small and dead larvae. 


Table I. Counts of microfilariae in finger blood. 


Times of Approxi- 
drawing Number mate mean 
Source of Time when blood Volume of of micro- Number number 
blood and date mosquitoesfed samples samples filariae per per 
(p.m.) (p.m.) ine.mm. present 20c.mm. 20c.mm. 
H. (a) 10-11 9.15 27 ll 8-2 10 
21. xii. 1929 ll 31 18 11-6 
Ww. Not fed 10.30 32 20 12-5 13 
26. xii. 1929 10.30 34 24 14 
W. (a) 10-10.40 9.45 42 94 44-8 42 
8. i. 1930 10.40 32 63 39-4 
W. (6) 9-10 8.45 19 16 16-8 17 
10. i. 1930 10 39 30 15-4 
10.15 37 36 19-5 
W. (c) 10-10.30 10 18 21 23-3 26 
10. ii. 1930 10.15 31 43 27-7 


Many larvae removed from the mosquitoes at all stages were examined in 
detail. Yamada (1927) gives a valuable general account of the development of 
W. bancrofti in the mosquito which is better than earlier descriptions. His 
statement that the larvae moult twice, not once only, in the course of develop- 
ment in the thorax of the insect was confirmed. He divides the development 
in the mosquito into three main stages. 

Stage I extends from emergence from the microfilarial sheath in the 
stomach to the first moult, which takes place in the thoracic muscles when the 
larva reaches a size of about 300 by 33. The sausage-shaped first stage larva 
is characterised by its sickle-shaped caudal appendage, the remnant of the tail 
of the microfilaria. 

Stage II is passed entirely in the thorax and extends from the first moult to 
the second moult, when the larva may measure about 1100p by 37y. During 
this stage the larva feeds through its mouth on its host’s tissues and becomes 
gradually active and mobile. At this stage the caudal extremity terminates in 
a single small conical process; the sickle-shaped appendage of the first stage is 
discarded with the cuticle of the first moult. 
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Stage III extends from the second moult to the completion of development. 
During this stage the larva increases in length while decreasing in thickness, 
becomes much more active, and then leaves the thorax, reaching full maturity 
shortly afterwards. Feeding through the mouth probably ceases. The fully 
developed larva may measure 1700y by 24. The third stage, like the first two 
stages, has a characteristic caudal extremity; its tip is surmounted by three 
globular processes. 

Yamada says that in a very hospitable species of mosquito (C. pipiens var. 
pallens), at a temperature at which complete development occupies 14 days, 
the first stage lasts about 7 days, the second stage 4 days and the third stage 
3 days. 

It seems worth pointing out that a well-known figure by Looss (1914), much 
reproduced in text-books, which is described as a nearly mature larva of 
W. bancrofti from the thorax of C. fatigans, actually represents a larva just 
before the second moult; the cuticle of the second stage is already detached but 
not yet discarded from the third stage larva within it. It appears from the text 
that Looss did not find mature larvae in the preserved material on which his 
description was based, since he described the mature larva as sheathed and 
says that he failed to see the three terminal caudal lobes. Even in some recent 
papers obscurities due to this figure and description of Looss persist, as well as 
uncertainty whether in its infective stage the larva is sheathed. The mature 
larva has no sheath. 

The following few details of the fully mature larvae are taken from notes 
of those examined in Townsville. The average length of twenty-six specimens, 
killed usually with hot alcohol, was 1560u; the longest measured 1800 and 
the shortest 1400u. The diameter is about 24 and varies but little from the 
anus to the anterior region. The distance from the anterior extremity to the 
end of the oesophagus (which is without a posterior enlargement in the mature 
larva) is about 40 per cent. of the total length of the worm. The nerve ring is 
about 110 from the anterior extremity. The post-anal portion of the body is 
about 60 to 70u long and its blunt extremity is surmounted by three globular 
appendages, each of about 4 in diameter, which appear as a triangular group 
when viewed end on; variations from this arrangement were met with but not 
very often. The cuticle bears fine inconspicuous transverse striae. A pair of 
amphids can be seen on the head. 

Table II sets out the results of dissection of the C. fatigans fed on infected 
blood. The abbreviations Lb., Hd., Th. and Abd. stand for labium, head, 
thorax and abdomen. 

C. fatigans, as expected, proved a good vector and served as a standard of 
comparison for the other species. Healthy larvae were found in twenty-two 
out of the twenty-six insects, and in those dissected at intervals exceeding 10 
days mature larvae were present in twenty out of twenty-four. Moreover, 
many of these C. fatigans were very small specimens and in many of them at 
the time of feeding the ventral oesophageal diverticulum was distended with 
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fluid to such a degree as to occupy much of the abdomen and visibly impede 
the stomach from being filled with blood to anything like its full capacity ; this 
condition is very apt to arise in captive mosquitoes fed on fruit and was present 
to some extent in all the species used. It was judged that the amount of bloed 
imbibed by some of these C. fatigans probably did not exceed 1 c.mm., so that 
it is possible that some at any rate of the four mosquitoes in which no larvae 
developed had ingested no microfilariae. 

As to the minimum time required for the development of mature infective 
larvae of W. bancrofti in C. fatigans in Queensland at the temperature stated 


Table II. Culex fatigans Wied. 


Mean 
number Days 
of micro- between 


Source filariae in feed and Immature Mature Total 
Mosquitoes of blood 20c.mm. dissection larvae found larvae found larvae 
] H. (a) 10 ll 0 1 Lb. 1 Th 2 
2 en 10 22 0 2 Abd. 1 Th 3 
3 10 23 0 1 Lb. 1 Th 2 
4 H.(6)  Notcounted 10} 0 1 Th. 1 
5 ws pa ll 0 1 Th. 1 
6 ll 0 1 Abd. 
7 14 0 1 Th. 1 
8 yi si 14 0 1 Th. 1 
9 23 0 1 Hd.1Abd.1 Th. 3 
10 is a 23 0 1 Ty Abd. 1 Th. 6 
1 
ll ‘i - 23 0 1 Lb. 2 Abd. 1 Th. 4 
12 24 0 4 Hd. 1 Abd. 1 Th. 6 
13 a ‘a 24 0 0 0 
14 W. (a) 42 74 6 Th. (5 in 2nd 0 6 
stage, 1 in Ist 
stage) 
15 ‘i 42 93 2 Th. (late 2nd 0 2 
stage) 
16 os 42 103 1 Abd. (late 2nd 1 Abd, 5 
stage), 37h. (2nd 
stage) 
17 i 42 13 0 6 Lb. : Hd.1 Abd. 10 
1 Th. 
18 W. (5) 17 34 0 2 Abd. 2 
19 me 17 34 0 1 Lb. 1 
20 ee 17 34 0 1 Hd. 1 Abd. 2 
21-23 me 17 34 0 0 0 
24 H. (a) 10 19 0 Mature larvae present in 
25 and 26 H.(b) Notcounted 23 0 sections: not counted 


above, no mature larvae were present in the mosquito dissected at 9} days, 
but in three dissected at 11 days and in two at 10} days they were present. 
In one of the latter insects four out of the five larvae had not reached maturity. 
However, in excessively hot January weather in Brisbane, Walker (1924) 
records mature larvae in C. fatigans at 9} days. 

Table III gives the results with Anopheles amictus Edwards. The only 
previous observations on Anophelines in Australia are those of T. L. Bancroft 
(1899) who made a good many experiments with A. musivus Skuse but was 
unable to keep them alive for more than 3 days; he says “this mosquito sucks 
out a very large number of embryos and most of these migrate to the thorax.” 
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A. musivus Skuse is a synonym of A. annulipes Walker, and Bancroft’s insects 
were very likely of this species, though it is possible that they were the closely 
allied and then unrecognised A. amictus which extends into Southern Queens- 
land. 

Of the nineteen Anopheles in Table III, seventeen contained living larvae, 
and of the seventeen dissected at intervals exceeding 10 days mature larvae 
were found in fifteen. The results are as good as those with C. fatigans, but it 
is probable that the average number of microfilariae imbibed was greater in 
the Anopheles. The minimum time in which larvae can reach maturity at the 
above-mentioned temperature in this species appears to lie between 10 and 11} 


Table III. Anopheles amictus Edwards. 


Mean 
number Days 
of micro- between 


Source filariae in feed and Immature Mature Total 
Mosquitoes of blood 20c.mm. dissection larvae found larvae found larvae 
1 H. (a) 10 13 1 Th. (3rd stage) 1 Hd. 3 Th. 5 
2 mA 10 133 0 2 Lb. 2 
3 ~ 10 14 1 antenna (2nd 1 Abd. 1 Th. 3 
stage) 
4 “ 10 16 0 0 0 
5 wi 10 16 0 1 Lb. 1 
6 > 10 22 0 0 0 
7 W. (c) 26 10 4h. (2nd stage) 0 4 
8 a 26 10 3 Th. (2nd stage) 0 3 
9 ee 26 11} 1 Th. (3rd stage) 1 Hd.3 Abd.1 Th 6 
10 - 26 11? 0 1 Lb. 1 
1l ~ 26 112 0 1 Abd. 1 Th. 2 
12 a 26 11? 1 Th. (2nd stage) 2 Lb. 1 Hd. 12 
4 Abd. 4 Th 
13 ee 26 13 0 1 Hd. 1 
14 a 26 13 0 1 Lb. 1 Ha. 2 
15 pe 26 13 1 Th. 2 Lb. 1 Abd. 4 
16 ya 26 13 . 0 8 Lb. 2 Abd. 10 
17 ee 26 14 1 Th. 0 1 
18 ae 26 14 0 1 Hd. 1 
19 pe 26 14 0 5 Lb. 1 Abd. 6 


days. But the presence of larvae which had not completed their development 
in a few mosquitoes at 13 and 14 days may perhaps indicate that A. amictus, 
in Queensland, is a slightly less suitable host than C. fatigans. 

A. amictus is abundant in North Queensland and in many parts of tropical 
Australia. In the south it is replaced by A. annulipes. Both species may 
frequent houses; they feed by preference during the hours of dusk or darkness. 
As A. amictus is such a favourable host for W. bancrofti, it may possibly be an 
important vector in some districts in Queensland; but it seems unlikely that it 
is the chief vector to-day in some of the urban and suburban localities where 
filariasis is most prevalent and where C. fatigans is more constantly found. 

Hill (1924) describes a variety of A. amictus, variety C, which Mackerras 
(1927) has suggested may possibly be a distinct species. The first six mos- 
quitoes in Table ITI belonged to a batch reared from larvae and pupae taken 
near Townsville from salt tidal pools in the almost dry bed of the Bohle river 
before the onset of the rains; the remaining thirteen came from fresh water on 


: 
. 


G. M. Hrypon 421 


flooded land near Townsville after the wet season had set in. Some mosquitoes 
of both batches which were not used for dissection were critically examined by 
Mr F. H. Taylor, and both Mr G. F. Hill and Dr Mackerras were kind enough to 
compare them with the types of the two varieties of A. amictus in their posses- 
sion. Most if not all of the first batch proved to belong to variety C; of twenty- 
three insects of the second batch eight were variety C and fifteen typical 
A. amictus. It therefore appears probable that both these varieties are 
favourable hosts. 

Table IV. Aédes vigilax (Skuse). 


filariae in feed and Immature Mature Total 
Mosquitoes of blood 20c.mm. dissection larvae found larvae found larvae 
1 W. (a) 42 63 5 Th. (in or near 0 5 
lst moult) 
2 - 42 8 0 0 0 
3 Re 42 10 0 0 0 
4 ‘o 42 10 2 Th. (2nd stage) 0 2 
5 ‘“ 42 12 2 Th. (late 2nd 0 2 
stage) 
6 - 42 12 6 Th. (from late 1st 0 6 
to late 2nd stage 
7 a 42 12 0 0 0 
8-10 ie 42 1st 0 0 0 
ll me 42 13 1 Th. (dead and 0 1 
undeveloped 
microfilaria) 
12 42 13} 6 Th. (five 2nd 1L1b.1Hd.1Th. 10 
stage, one 3rd 
stage), 1 Abd. 
(3rd stage) 
13 a 42 14 1 Th. (3rd stage) 1 Hd. 1 Abd. 3 
14 ee 42 14 0 0 0 
15 io 42 15 0 0 0 
16 ‘i 42 15 0 1 Lb. 1 
17 me 42 15 0 1 Abd. 1 
18 42 15 0 1 Hd, 2 Abd. 3 

19-22 iz 42 16 0 0 0 
23 re 42 16 0 1 Abd. 1 Th 2 
24 - 42 17 0 0 0 
25 - 42 17 0 2 Abd. 2 
26 ‘ 42 17 0 1 Hd. 1 Abd. 2 
27 fe 42 17 3 Th. (two2nd, 2Lb.5Hd.4Th. 14 

one 3rd stage) 

28-30 io 42 19 0 0 0 
31 ai 42 . 19 1 Lb. (3rd stage) 1 Hd. 2 
32 ‘ 42 22 0 0 0 

33 and 34 W. (6) 17 20 0 0 0 
as 17 20 2 Th. (2nd stage) 0 2 


Table IV gives the results with Aédes vigilar (Skuse). This species is of 
historical interest as the one in which Joseph Bancroft in 1877 looked for but 
did not find evidence that mosquitoes might be concerned in the transmission 
of microfilariae (see Jackson (1910) and Cilento (1923)). T. L. Bancroft ex- 
perimented with this species, and in his paper of 1899 says that a number 
examined after about 7 days contained no larvae, but in an earlier letter 
(20. vi. 1898), he said that metamorphosis of Filaria sanguinis hominis takes 
place in the muscles of the thorax of C. ciliaris and C. vigilax (C. fatigans and 
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Aédes vigilax). Walker (1924) also dissected a number of A. vigilax and found 
one larva only in an insect killed 8} days after the infective feed, but the larva 
was at the stage reached on the second day in C. fatigans. 

The figures in Table IV show that Aédes vigilax transmits the filaria but is not 
one of the most favourable hosts, especially as most of the insects took a large 
feed of blood from W. (a) when there were more than two microfilariae per 
c.mm. in the finger blood. Larvae were found in only sixteen out of the thirty- 
five mosquitoes and of twenty-three dissected at 14 days or longer intervals 
mature larvae were present in nine. The shortest interval after which mature 
larvae were found was 134 days, definitely longer than with C. fatigans. 
Still immature larvae were present at considerably later periods, a feature 
characteristic of species which are poor hosts. 

Of the thirty-five mosquitoes twenty-five were captured as adults in the act 
of feeding on W.; they were allowed to complete the feed, which was a large 
one in nearly every instance. The possibility arises that these insects may have 
been previously infected with some filaria from an animal, but it is a remote 
one and the larvae found did not differ from the others; in Table IV the ten 
mosquitoes numbered | and 2, and 12 to 19 inclusive were reared from pupae, 
and previous infestation was therefore excluded. 

Aédes vigilax breeds in vast numbers under favourable conditions, about 
estuaries and in coastal swamps, and is a well-known pest in many parts of 
Australia. It bites both by day and by night and is especially voracious after 
dusk. As it prefers death to leaving the feast, it is readily and frequently 
crushed on the skin, a procedure which seems likely to facilitate the penetra- 
tion of infective larvae which may be present in any part of the mosquito’s 
body. Its actual importance as a vector of filariasis can, however, at present 
only be vaguely conjectured. 

Table V shows the results with C. sitiens Wied. I have met with no records 
of previous experiments with mosquitoes that were certainly of this species. 
It is included in the lists of tested species by Edwards (1922) and Yamada 
(1927), but Buxton (1927) mentions that the mosquitoes worked with by Bahr 
(1912) and by O’Connor (1923) under the name C. jepsoni are proved by 
specimens in the British Museum to have been C. annulirostris Skuse. 

T. L. Bancroft (1899) recorded as inhospitable a species which may have 
been either C. annulirostris or C. sitiens, though he later saw labial infection, as 
is mentioned in a note to Walker’s paper (1924). 

In these forty-six C. sitiens, larvae were found in eight only, and in the 
forty-one examined at intervals of from 16 to 23 days mature larvae were 
found in five. This species is apparently a still less suitable host than A. wgilaz, 
though individuals occur which are capable of acting as vectors. The develop- 
ment even of those Jarvae which succeed in obtaining a footing is slow and 
uncertain. The shortest time after which mature larvae were found was 20 days. 
The mature larvae (from labium and abdomen) examined from this species 
were as vigorous and well developed as those from C. fatigans. 
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The results of experiments with A. argenteus (Poiret) were as follows. 
Sixty-two mosquitoes were dissected after feeding on H. (a), H. (6), W. (a) 
and W. (b). One was dissected 7 days after feeding, one at 9 days, one at 10 
days and the rest after intervals varying from 18 to 42 days. Many of those 
dissected after the longer intervals were thoroughly examined for mature 
living larvae only. In only one insect, that dissected 7 days after feeding on 
W. (a), were any larvae found; in the thorax were six in the first stage, two of 
them practically unchanged microfilariae; none were seen to move and one 
microfilaria was blackened and certainly dead. 

These findings with Aédes argenteus merely support the accepted view 
based on the work of Low (1901) and others (and of Walker (1924) in Queens- 
land), that it is inhospitable to W. bancrofti. But, since the larvae may undergo 


Table V. Culex sitiens Wied. 


Mean 
number Days 
of micro- between 


Source filariae in feed and Immature Mature Total 

Mosquitoes of blood 20c.mm. dissection larvae found larvae found larvae 
1 H. (a) 10 17 0 0 0 
2 ia 10 19 0 0 0 
3-5 ou 10 20 0 0 0 
6-11 i 10 23 0 0 0 
12 ee 10 23 0 2 Abd. 2 
id H.(b) N ounted il 87h. (2nd 3 

-( ot coun ll . (2nd stage) 0 
15-17 20 0 0 0 
18 a ae . 20 0 2 Lb. 2 Th. (one of 4 
them dead and 
blackened) 

19 i a 22 0 1 Lb. 1 Abd. 2 
20-33 ” ” 23 0 0 0 
34 23 0 1 Abd. 1 
35 and 36 W. (a) 42 7k 0 0 
i 42 10 1 Th. (early Ist 0 1 
43 h 2 
ia 12 2 Th. (1st 8 0 2 
44 and 45 a 42 16 ‘ 0 — 0 0 
46 W. (5) 17 20 0 0 0 


some development in this species, it was thought worth while to make further 
observations in view of the possibility that exceptional individuals may be 
capable of acting as vectors. In my experience this species in captivity bites 
very readily at any hour of the night and day. 

The foregoing Tables show that, with the exception of the Anopheles 
amictus, only a minority of the mature larvae, even in the later dissections, 
were found in the labium or even in the labium and head taken together. Thus 
in the sixteen C. fatigans dissected at 13-34 days after the infective meal, 
forty-one mature larvae were found, of which nine were in the labium and 
nine in the head; in the twenty-one Aédes vigilar killed at 15-22 days there 
were twenty-three mature larvae, of which three were in the labium and eight 
in the head; in the thirty-two C. sitiens killed at 20-23 days there were ten 
mature larvae, of which three were in the labium and none in the head; but 
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in the thirteen Anopheles amictus killed at 13-22 days there were thirty-two 
mature larvae, of which nineteen were in the labium and four in the head. The 
larger percentage of larvae found in the labium in the Anopheles may be due 
to chance; taking the species together, just over half the larvae were either in 
the labium or the head and just under a third in the labium. 

Examination of the details published in the literature reveals that it has 
been a common but not universal experience to find most larvae outside the 
labium even when they must have been mature for some time. 

It is generally assumed, however, not only that most larvae eventually 
take up their position in the labium but that only those in the labium or base 
of the proboscis of a mosquito when it attacks are able to emerge on to the skin. 
But mature larvae can pass from one part of a mosquito’s body to another 
with facility, moving in the haemocele with no apparent damage to the tissues. 
For instance, on removing a mosquito’s head, a mature larva was noticed to 
thrust its head out of the neck wound and withdraw it again; a few moments 
later the abdomen was divided from the thorax, and the larva, which was the 
only one in the insect, was found in the abdomen. Probably a mature larva, 
even if in the abdomen of a mosquito when it begins to suck blood, will have 
time to migrate into the labium before the meal is finished, and it seems not 
impossible that the warmth of the incoming stream of blood, the temperature 
of which must increase from behind forwards, may stimulate larvae to move 
forwards into the proboscis. Such sensitive thermotropism would probably 
be within the powers of some nematode larvae such as those of hookworms. 
It is stated that filarial larvae are thermotropic and that the warmth of the 
skin is a factor in causing those already within the labium to emerge from it. 

In any case it is unsound to consider that the only proof of a larva’s 
maturity is its presence in the labium; fully mature larvae can be distinguished 
from third stage larvae which are not quite mature by their appearance alone, 
especially their slenderness and the activity and character of their movements; 
if a larva measures only about 24, in diameter it is mature. 

It is recognised that the endemiological facts of filariasis indicate that very 
few of the mature larvae of W. bancrofti present in mosquitoes which bite 
people become adult fertile worms in man; how and where the failure chiefly 
occurs is at present conjectural. 

No evidence was noticed that any of the mosquitoes in Townsville suffered 
in health from their infections, but no blood containing large numbers of 
microfilariae was used; heavy infections are scarce in Queensland as in 
civilised whites elsewhere. 

In aborigines of North Queensland the incidence of filarial infection seems 
to be at least as low as it is in whites. In the aboriginal stations at Palm 
Island near Townsville and at Yarrabah near Cairns several hundred night 
bloods were examined with negative results. The available evidence seems to 
suggest that neither malaria nor filariasis existed in the nomadic aboriginal 
population of Australia. 
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Natives of South China seem to be the most probable original source of 
filariasis in Queensland. They came into Australia at an earlier date than the 
Kanakas and were present in large numbers in Queensland in the years pre- 
ceding the first recognition of filariasis there (Cumpston and McCallum, 1927). 
The influx of Chinese into Southern Australia began with the gold rush in 1851, 
and they gradually spread widely over the continent and became engaged in 
market gardening and other occupations besides mining. The Kanaka im- 
portation into Queensland did not begin until 1863, and most of them went to 
the sugar areas of Northern Queensland. It is evident from the number of 
cases of clinical filariasis mentioned in the writings of Joseph Bancroft in the 
then small population of Brisbane and its neighbourhood that by about 1875 
the infestation had made considerable progress in whites of the district; 
Chinese had long been resident there, but the Kanakas were further north and 
there had been little direct contact with them. 

Nevertheless many of the Kanakas, Melanesians from the New Hebrides 
and the Solomons, must have had nocturnally periodic microfilariae in their 
blood and presumably contributed to the white infestation in Queensland if 
a suitable vector existed. 

The chief vector of the Filaria of New Guinea and Melanesia (which is 
believed to be W. bancrofti) is, however, unknown, and Buxton (1928) has 
pointed out that it cannot be C. fatigans, which is a recent importation to be 
found in abundance only at the settlements of civilisation. He suggests on 
most interesting grounds that the vector may be Anopheles punctulatus. 

Since the Melanesian Filaria must for ages have been transmitted by mos- 
quitoes other than C. fatigans, it would not be surprising to find that this mos- 
quito is not such a suitable host for it as it is in countries where W. bancrofti 
and C. fatigans have long been associated. Some years ago I fed some C. 
fatigans in Rabaul on a native of the neighbouring Duke of York Islands who 
had nocturnally periodic microfilariae in his blood. The results of dissection 
after several weeks seemed to show, as I now think after experience of C. 
fatigans in Queensland, that this mosquito was not a good host; at the time 
the failure to find living larvae in the proboscis of any mosquito was thought 
to be due to their escape on to the fruit on which the mosquitoes fed. 

That the microfilariae most commonly met with at Rabaul are not those 
of F. malayi (for which C. fatigans is inhospitable) has been ascertained by 
Dr Clive Backhouse, who is at present making an adequate investigation of 
the vectors of filariasis. 


NOTES ON MOSQUITOES IN RABAUL. 


While in Rabaul from 1921 to 1924 I made many observations on mos- 
quitoes, and a few facts concerning known or possible vectors supplementary 
to those given by Hill (1924) are worth recording, especially in view of Buxton’s 
remarks; observations on the two varieties of Anopheles punctulatus have 
been recorded already (Heydon, 1923). 
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Culex fatigans could easily be found in many houses in Rabaul; during 
extensive collecting of A. punctulatus var. moluccensis resting by day in the 
huts of native villages near Rabaul C. fatigans was only seen occasionally in 
certain villages. 

Aédes variegatus was plentiful in many parts of New Britain and was more 
abundant than any other mosquito on verandahs in Rabaul by day and 
especially in the morning and evening. It was never caught biting at night, 
though often looked for. 

Aédes argenteus was not very plentiful in Rabaul, though it was easy to 
obtain larvae in containers, placed on verandahs. It was often detected biting 
by night as well as day. 

Aédes kochi, or a variety of it, bred commonly in many places near Rabaul 
in the water which collects in the axils of the leaves of Pandanus and banana 
trees; the larvae were also found in the axils of another small unidentified 
plant grown for ornamental purposes within the town, though the adults were 
not plentiful there. At one time this night-biting mosquito was a pest on 
Vulcan Island in Blanche Bay, breeding in the numerous Pandanus palms, 
which were in consequence cut down, with very good results. The young larvae 
could not be reared at the laboratory in the water used for any other species. 

These habits appear to agree with those of A. kochi var. samoana rather 
than with those of the typical form (cf. Buxton’s account, 1927); typical 
A. kochi, however, were taken by Hill (1924) breeding in split coconut shells. 


SUMMARY. 


1. Anopheles amictus in North Queensland is a favourable intermediate 
host for Wuchereria bancrofti, comparable but perhaps not quite equal to 
Culex fatigans. The two described varieties of A. amictus were both tested. 

2. Experiments with Aédes vigilax and Culex sitiens show that the former 
is a rather poor host and the latter a very poor one though infective larvae 
develop in some mosquitoes. 

3. In experiments with Aédes argenteus none of the sixty-two mosquitoes 
used proved hospitable. 

4. Some observations on the transmission of filariasis in New Britain and 
on mosquitoes there are mentioned. 
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INTRODUCTION. 


Up to the present time very few authors have directed their attention to the 
mode of life of the larval stages of Digenetic Trematodes. The only paper 
devoted entirely to the subject is that of Cort (1922). Dubois (1929) has more 
recently carried out somewhat similar experiments with the larvae which he 
obtained from the gastropod molluscs in the lake at Neuchatel. 

Dubois divides his biological study of these forms into two sections: 
(I) General Biology and (II) Parasitic Biology. These two subdivisions are 
employed in the present paper, the first including a study of the liberation, 
methods of locomotion, and duration of free existence of the cercariae, and the 
second, the effect of the parasites on the tissues of the first and second inter- 
mediate hosts. 

I. GENERAL BIOLOGY. 
(a) The liberation of cercariae from their hosts. 

The three species of larval trematodes used by me for observations on the 
emergence of the cercariae were: 

Cercaria limbifera (Seifert, 1926) from Lymnaea palustris (Miill.). 
Cercaria “Z” n.sp. from L. peregra (Miill.). 
C. cambrensis I (Wright, 1928) from L. truncatula (Miill.). 

When the cercariae are fully developed they emerge from the parthenita, 
either through a birth pore, e.g. C. limbifera, or, if this is absent, by rupture of 
the sporocyst wall. Mature sporocysts or rediae usually come to be situated 
near the surface of the digestive gland of the host snail, especially towards the 
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inner side at the base of the spire. The extremities frequently project beyond 
the surface and the space between the digestive gland and the shell may be 
found filled with mature parthenitae. When the cercariae are set free, they find 
themselves outside the liver, whence it is comparatively easy for them to 
reach the exterior. 

Experiments have been performed in order to determine the numbers of 
cercariae escaping from infested snails, the times at which they escape, and 
the effect of temperature and light on the emergence of the larvae. 

Large numbers of snails were collected from areas where the parasites were 
known to occur. These were separated into groups of six, and placed in dishes 
in the laboratory. If cercariae appeared in the water in any one of these 
dishes, the six snails were isolated singly until a large number of individuals 
known to be infested with larval trematodes were separated from the healthy 
ones. The infested snails were then placed singly in glass tubes of about one 
inch in diameter that were filled with water almost to the top. Sprigs of 
Elodea were added to serve as food for the snails and the tops of the tubes were 
covered with thin muslin to prevent the snails emerging from the water. 
Another set of tubes exactly similar were placed side by side with those in 
which the snails were kept, so that the water in both sets was of the same 
temperature. When the larvae were to be counted, the snails were removed 
from the tubes of the first set into the second set and the temperature of the 
water taken. 

The larvae of C. limbifera, being larger than those of the other two species, 
could be counted singly by removal with a fine pipette. In Cercaria “Z” and 
C. cambrensis I it was found advisable to fix the cercariae by the addition of 
a solution of mercuric chloride with acetic acid. They could then be counted by 
removal with a pipette under low magnifications. 

The first experiment was performed with a view to ascertaining whether 
the cercariae emerged during the day-time or during the night. Four L. palus- 
tris infested with C. limbifera were observed over a period of five days and five 
nights. Counts of the liberated cercariae were made every twelve hours, 7.e. 
at 9 a.m. and 9 p.m., and the temperature of the water taken. The experiment 
showed definitely that no cercariae were liberated between the hours of 9 p.m. 
and 9a.m., whilst usually the number liberated during the day varied from 
twenty-four to eighty. The temperature ranged between 17° and 23° C. (min. 
and max.), the rise occurring during the day. The emergence of these cercariae 
during the day-time only, seems to be a phenomenon characteristic of echino- 
stome cercariae generally. 

Snails infested with C. limbifera and kept entirely in the dark day and night, 
showed that during the first thirty-six hours not a single larva emerged. After 
that time the cercariae probably having adapted themselves to the change, 
appeared in the water during the day-time, but in very much smaller numbers 
than in the case of those exposed to light. Since the total number of larvae 
liberated from each snail was so much greater in the first than in the second 
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instance, light must be a factor of some importance in the emergence of the 
cercariae. 

The same two experiments were repeated with L. pereger parasitised by 
another echinostome, Cercaria “Z” n.sp. In this species, as in C. limbifera, 
the larvae emerged during the day-time only. The numbers were very much 
greater than in the case of the former species—varying from five hundred to 
one thousand two hundred from a single snail during twelve hours—this may 
be due to the very much smaller size of Cercaria “‘Z.” In the case of infested 
snails kept entirely in the dark, no cercariae were observed in the water during 
the first night, but after that the larvae emerged during the whole twenty-four 
hours of each day. Considerably more, however, were present during the day- 
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Fig. 1. The emergence of C. limbifera (Seifert) from L. pereger over a period of 120 hours, 
(a) under normal conditions, and (6) when deprived of light. 


time. In this way Cercaria “Z” differs from C. limbifera where no larvae were 
liberated during the night even when the snails were kept continually in the 
dark. 

Cort (1922) asserts that the emergence of echinostome cercariae during the 
day-time only is due to the positive reaction of these larvae to light. In all 
cases, however, this phenomenon cannot be attributed to positive photo- 
tropism, as Cercaria “Z” is negatively phototropic and C. lambifera positively 
phototropic, yet both these larvae emerge during the day-time and not during 
the night under normal conditions. A possible explanation seems to be tem- 
perature. The gradual rise of temperature during the day may accelerate the 
rate of development of the cercariae and so bring about their emergence. 

The xiphidio-cercaria C. cambrensis I on being subjected to the same con- 
ditions behaved very differently. If the host snail L. truncatula was kept for 
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twelve hours in the dark and twelve hours in the light over a period of five 
days, it was found that more cercariae emerged during the night-time, although 
some also appeared in the water during the day. The largest number liberated 
during the night was sixty-two and during the day twenty-six. This regularity 
is not exhibited by snails kept continually in the dark for the same length of 
time. During the first thirty-six hours there is a steady decrease in the number 
of cercariae, after which they remain fairly constant for the next thirty-six 
hours when there is a second decrease. 

Another factor which influences the emergence of C. cambrensis I is tem- 
perature. Reduced temperatures seem to inhibit the emergence, while higher 
temperatures favour it. Four infested L. truncatula were kept at 14°C. 
(constant) by placing the tubes containing them in a stream of running tap 
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Fig. 2. The emergence of C’. cambrensis I from L. truncatula over a period of 108 hours, 
(a) under normal conditions, and (b) when deprived of light. 


water. In the four controls, the minimum temperature of the water was 17° C. 
and the maximum 23° C. Counts were made every twelve hours over a period 
of four days. In both cases the snails were exposed for alternate periods of 
twelve hours to light and darkness, so that the usual regularity was observed 
in both cases. In those kept at a low temperature, the average number of 
cercariae liberated per snail was four hundred and fifty, while in those kept at 
room temperature the average number was eight hundred and forty. 

Temperature has a similar effect on snails kept continuously in the dark. 
Four infested L. truncatula were placed in the dark, in an incubator, at a 
constant temperature of 32° C. Over a period of four days, the average number 
of cercariae liberated was five hundred and sixty, while in the case of snails 
kept in the dark at ordinary room temperature, the average was two hundred 
and thirty. 
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Experiments were next performed to ascertain the time of day at which 
most cercariae emerged. The counts instead of being made every twelve hours 
were made very much oftener, in one case at the end of every hour during the 
day. The only species used for these experiments was Cercaria “Z.’”’ Table I 
records the numbers of Cercaria “Z” set free from L. pereger during the period 
9-14 Nov. 1929. The times at which the counts were made and the temperature 
at the moment of fixation of the larvae are stated. 


Table I. 
Average 
Day of Tempera- Number of cercariae no. of 
the month Hour ture — A .  cercariae 
(Nov. 1929) (a=a.m., p=p.m.) an. Snaill Snail2 Snail3 Snail 4 liberated 
8 9 a-12.30 p 18-5 707 520 589 40 464 
< 12.30 p-4 p 18 501 396 279 92 317 
»» 4p-9p 17 12 35 3 2 13 
8-9 9p-9a 13 0 2 1 1 1 
9 9a-lp 18 692 630 242 96 415 
” lp-5p 19 341 482 56 53 233 
” 5 p-9p 18 3 47 6 4 15 
9-10 9p-9a 15 4 0 0 1 
10 9a-3p 17 726 383 572 71 338 
” 3 p-5 p 17 31 43 41 5 30 
” 5 p-6 p a7 ll 23 17 1 13 
” 6 p-9 p 17 31 55 45 1 33 
10-11 9p-9a 14 4 3 l 0 2 
ll 9a-11.30a 17 141 181 97 21 110 
‘ 11.30 a-1 p 17 246 284 190 24 186 
” lp4p 18 298 172 667 39 294 
” 4 p-5.30 p 18 139 73 + 7 8 73 
99 5.30 p-7.30p 18 39 63 15 7 3l 
” 7.30 p-9 p 17 18 70 30 2 30 
11-12 9p-9a 13 2 0 1 1 1 
12 9a-l0a 13 56 0 0 0 14 
o 10a-lla 16 151 15 0 0 415 
% 1] a-12 noon 17 380 14 14 58 124 
% 12 noon-1 p 18 227 110 185 26 137 
” lp-2p 19 31 37 137 51 64 
” 2p-3p 18 48 72 146 12 69-5 
ee 3p-4p 18 256 53 89 3 100-3 
” 4p-5p 18 183 38 15 4 60 
” 6 p-7p 18 25 24 3 4 14 
7p-9p 17 15 13 3 1 8 
12-13 9p-9a 13 0 0 0 0 0 
13 9a-2p 8-5 0 0 0 0 0 
2p-9p 8-5 0 0 0 0 0 
13-14 9p-9a 5-5 0 0 0 0 0 
14 9a-9p 18-5 146 352 536 50 271 
14-15 9p-9a 13 2 0 2 0 1 
15 9a-9p 18 121 119 230 27 124-3 
15-16 9p-9a 14 0 0 0 0 0 
192 hours 5247 4359 4286 710 3650-6 


Table I shows that the cercariae did not escape regularly over the whole 
of the twenty-four or even twelve hours, but there were periods when they 
emerged in large numbers followed by periods during which very few, if any, 
escaped. 

The time when the cercariae emerged in largest numbers varied in the 
different snails, but was usually limited to a few hours before and after mid- 
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day. On November 12th, counts were made every hour from 9 a.m. to 9 p.m., 
to ascertain at what time of the day the greatest number of cercariae emerged. 
In Table I it can be seen that for each of the four snails there was a double 
maximum. 


Snail Ist maximum 2nd maximum 
1 1] a.m.—12 noon 3 p.m.—4 p.m. 
2 12 noon-1 p.m. 2 p.m.-3 p.m. 
3 12 noon-1 p.m. 2 p.m.-3 p.m. 
4 11 a.m.—12 noon 1 p.m.-2 p.m. 


In each case the first maximum was higher and occurred between the hours 
of ll a.m. and 1 p.m. The second lower maximum appeared between 1 p.m. 
and 4 p.m. 


600; a-a.m. 


p=p.m. 


No. of cercariae 


11.xi.29 =12.xi.29 14.xi.29 15.xi.29 Time of 
counting 


Fig. 3. Illustrating the effect of a reduction of temperature on the emergence 
of Cercaria “Z” n.sp. from L. pereger. 


The numbers of cercariae gradually diminish towards the end of the ex- 
periment. This may be due to the fact that the period of cercaria production 
is nearing its end or to other factors, 7.e. temperature or the amount of food 
available for the parasite. Table I shows that there is considerable variation 
in the numbers of cercariae liberated from the four L. pereger, although the 
individual snails were subjected to the same conditions, e.g. the numbers of 
Cercaria ““Z” emerging from Snail 1 were considerably greater than those 
emerging from Snail 4. At the end of the experiment, the snails were dissected 
in order to determine if there was any connection between the number of 
rediae in the digestive gland and the number of cercariae set free. The shells 
were removed from the infested snails without injury to the digestive gland, 
which was then examined under the binocular dissecting microscope. In 
Snail 1 the liver tissue was more or less completely replaced by numerous 
rediae which rendered it yellowish. In Snail 4, on the other hand, infection was 
not so heavy, some liver tissue still remaining undamaged and of normal dark 
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brown colour. There seems therefore to be a definite correlation between the 
number of cercariae liberated and the number of parthenitae in the digestive 
gland of the host snail. ; 

In addition to the variation between the different host snails, there is also 
a variation in the numbers of cercariae escaping from the same individual 
under different conditions. The temperature of the water in which the snails 
were contained greatly affected the number of larval trematodes set free. 
During the course of the experiment recorded in Table I the tubes containing 
the infested L. pereger were removed on November 13th, 1929, and placed in 
a stream of running tap water, the temperature of which varied between 
5-5° and 8-5° C. This lower temperature completely checked the escape of 
cercariae. On November 14th the tubes were again placed at room tempera- 
ture, with the result that many cercariae immediately emerged. Table II 
records the number of cercariae which emerged every twelve hours during the 
period November 10th to 11th. The figures have been obtained from Table I 
and the average numbers for each day are recorded in Fig. 4. 


Table II. 
Average 
Day of Hour Tempera- Number of cercariae no. of 
the month (a=a.m. ture A cercariae 
(Nov. 1929) p=p.m.) Snaill Snail2 Snail3 Snail4 liberated 
10-11 9p-9a 14 4 3 1 0 2 
ll 9a-9p 17-5 881 747 765 101 623-5 
11-12 9p-9a 13 2 0 1 1 1 
12 9a-9p 17:3 1432 426 594 165 654-3 
12-13 9p-9a 13 0 0 0 0 0 
13 9a-9p 8-5 0 0 0 0 0 
13-14 9p-9a 5-5 0 0 0 0 0 
14 9a-9p 18-5 146 352 536 50 271 
14-15 9p-9a 13 2 0 2 0 1 
15 9a-9p 18 121 119 230 26 124 
15-16 9p-9a 14 0 0 0 0 0 
1604 
1404 
120; 
3 
100; 
80 
— 
60 
40; 
20; 
9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6 6-7 7-9 
a.m. 12.xi.29 p.m. Time of counting 


Fig. 4. Illustrating the double daily maximum in the numbers of 
Cercaria “Z” escaping from L. pereger. 
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Decreased temperature, therefore, appears to be a very important in- 
hibitive factor in the emergence of larval trematodes from their snail hosts. 


(6) The methods of locomotion of cercariae. 

The movements of cercariae may be summed up under three headings. 

(i) Swimming. In the monostome-, echinostome-, and xiphidio-cercariae, 
the body during swimming is slightly contracted and becomes concavo- 
convex, the concavity being ventral. The tail is continued along the ventral 
surface, projecting beyond the anterior extremity when the cercaria is at rest 
(Fig. 5 A, B and C). In C. limbifera, when swimming, the tail with its active 
extremity precedes the body (Fig. 5 A), whereas in Cercaria “‘Z” (Fig. 5 D) 
and C. cambrensis I, the tail becomes bent back again just behind the root, so 
that the convex dorsal surface of the body proceeds foremost, the tail lashing 
on the concave ventral side. 

(ii) Creeping. When either of the above species of cercariae comes in con- 
tact with a substratum, it takes hold by its suckers and commences the second 
type of locomotion. Attached by the ventral sucker, the anterior portion of 
the body is stretched out. The oral sucker then adheres to the substratum, the 
ventral sucker simultaneously releasing its hold and the body is drawn up 
behind by the contraction of the longitudinal body muscles. This places the 
ventral sucker near the oral, when the whole process is repeated. The tail plays 
little, if any, part during creeping; its rapid undulations from side to side, 
however, sometimes help in the contraction of the body. 

(iii) Tropisms, To determine the way in which the cercariae reacted to- 
wards light, large numbers of C. limbifera and Cercaria “Z” were placed in 
each of two flat glass dishes of fairly large diameter. Half of the surface of 
each dish was covered over and placed on a dark background, while the re- 
maining half was exposed to a bright light from above and placed on a white 
background. In the case of C. limbifera, the larvae collected on the lighter side 
of the dish. If the dish was now rotated through an angle of 180°, so that the 
larvae came to lie on the darker side, they immediately swam towards the 
illuminated area and remained there. This was repeated several times, always 
with the same result. In Cercaria “Z,” on the other hand, the larvae retreated 
to the darker side of the vessel. If the dish was rotated so that the cercariae 
lay in the light, they immediately swam across to the darker part once more. 


(c) Duration of free existence. 

The duration of free existence of larval trematodes is comparatively short. 
They swim about actively in search of a suitable spot for encystment or for a 
second intermediate host. If they are unsuccessful within a certain time, the 
larvae sink to the bottom, die and disintegrate. 

As Dubois has already observed, two phases can be distinguished during 
the life of a cercaria. In the first the larvae swim actively and in the second 
they sink to the bottom where they move first by creeping. Later, creeping 
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Fig. 5. A, resting and swimming attitude of C. limbifera; B, resting attitude of Cercaria “Z” 
viewed from above; C, resting attitude of Cercaria “‘Z” viewed from the side; D, swimming 
attitude of Cercaria “Z.” 
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is replaced by contractions and expansions of the body, the cercariae finally 
becoming motionless or exhibiting only a few feeble oscillations of the tail. 
The initial stage in C. cambrensis I is of longer duration than in Cercaria “‘Z,”’ 
while the converse is true of the final stage. 

By experiment it was found that C. cambrensis I lived on an average for 
fifty-eight hours outside the host snail. Most of this period was taken up by 
the active initial phase, and only during the last few hours did the cercariae 
remain more or less motionless on the bottom. In the case of Cercaria “Z” 
the limit of free existence is much shorter, being on an average twenty-two 
hours, a considerable portion of which time is occupied by creeping movements 
on the bottom of the vessel. 

The vitality of free-swimming cercariae depends largely on temperature. 
As the temperature rises, the length of life diminishes. Cercaria “Z” kept in 
watch glasses in a warm part of the laboratory were compared with those kept 
in cooler surroundings. In the former case the cercariae were at first very 
active. Their activity was short lived as three hours later agitation of the 
water failed to produce even a movement of the tails. The cercariae kept in 
the cooler part of the laboratory remained active for some hours longer. This 
phenomenon is explained by Dubois by the fact that increase in temperature 
accelerates the oxidation of living material, a large amount of energy is 
liberated, so shortening the life of the animal. 


II. Parasitic BIOLOGY. 


The following study relates to two species of fresh-water snails, L. trun- 
catula and L. pereger, infested with C. Fasciola hepatica and Cercaria “Z” 
respectively. The snails were first examined alive, the shell being removed 
without injury to the digestive gland and the condition of this organ, which 
gives some indication of the degree of infestation, was noted. In some cases 
the gland was teased apart to ascertain which parts were most heavily in- 
fested at different stages of parasitic invasion. In other cases the specimens 
were fixed whole for sectioning in mercuric chloride with acetic acid. All 
sections (6-10 thick) were mounted serially and stained either with Erlich’s 
haematoxylin and eosin, Masson’s stain, or Mallory’s stain. 


(a) The effect of parasites on the tissues of the first intermediate host. 


The free-swimming miracidia, on coming in contact with the host snail, 
proceed to bore their way into the soft tissues, and more particularly into 
the mantle cavity. It is here that degeneration into a sporocyst takes place. 
With Fasciola hepatica, the young rediae developed within the sporocyst have 
to find their way to the digestive gland, which they do by way of the blood 
stream. 

Tn the early stages of infection on removal of the shell, the digestive gland 
appears normal. If teased apart, however, many young rediae and sporocysts 
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will be found in the region of the stomach, intestine, and intertubular con- 
nective tissue of the hepatic caeca nearest the alimentary canal. This seems to 
indicate that the parasites follow the course of the alimentary canal backwards 
into the liver where they spread in all directions through the gland. The 
digestive gland is rapidly invaded—the sporocysts and rediae multiply and 
migrate towards the surface, being very abundant at its base and on the inner 
side of the spire. An infested snail can soon be distinguished by the abnormal 
colour of the liver due to the pigmentation of sporocysts or rediae. In slight 
infections what remains of the normal liver tissue appears as darker patches, 
while in heavy infections the invasion by the parthenitae is so extensive that 
the tissues of the gland are almost completely replaced by the parasites. In such 
cases, it is quite usual to find sporocysts or rediae even in the mantle cavity. 

The first indication of infection by parasitic larvae is manifested by a dis- 
integrated condition of the host tissues. The parasites migrate to all parts and 
in the case of Fasciola hepatica infesting L. truncatula rediae have been found 
in the tentacles and in the mantle wall (Pl. XV). This invasion of all parts of 
the body by the parasites is followed by the appearance of black pigment 
granules (Pl. XV, fig. 1). A similar phenomenon was observed by Agersborg 
(1924) in the case of infested Physa gyrina (Say) and Planorbis trivolvis (Say), 
and he suggests that these pigment granules originate in the nucleus. At a 
later stage in infection, the pigment granules seem to decrease in number and 
finally to disappear. 

The digestive gland is the organ which suffers most from infestation, as it 
is in the connective tissue of this organ that the parthenitae grow to maturity. 
To study the cytological changes induced in the liver cells, it is first necessary 
to know its normal conditien. The hepatopancreas of the Lymnaeidae, as in 
other aquatic Pulmonates, consists of clusters of branched blindly ending 
hepatic tubules, separated from one another by connective tissue. The walls 
of these tubules consist of cells of two types (Pl. XV, fig. 3). By far the more 
abundant are the columnar cells which secrete the digestive ferment that is 
given off into the lumen of the tubule. The columnar cells are embedded in 
the basement membrane and connective tissue covering the diverticula. The 
protoplasm is densest at the distal end of each cell, secretory vacuoles occur 
centrally and the oval nucleus is situate basally. Occasionally, a large calcium 
phosphate cell is seen at the base of the columnar epithelium. This type of cell 
does not attain the lumen of the tube, its protoplasm is reticulate and its 
nucleus large. 

The developing sporocysts and rediae lie in the connective tissue between 
the hepatic tubules (Pl. XV, fig. 4). When they have been in contact with a 
diverticulum for some time, a thin membrane which covers the distal ends of 
the columnar cells breaks down and the protoplasm projects into the lumen of 
the caecum. The nucleus normally situated at the basal end of the cell migrates 
towards its distal end. Agersborg explains this by assuming that the food 
material brought to the hepatic wall by the blood stream is used up by the 
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parasite, so that the nucleus is forced to migrate to the part of the hepatic 
cell where the ferments are secreted. Vacuolisation of the cells proceeds 
rapidly until finally only the nuclei remain, giving the effect of squamous 
instead of columnar epithelium (Pl. XV, fig. 5). 

The sporocysts and rediae multiply rapidly in the digestive gland, with the 
result that the hepatic tissue gradually disappears and is replaced by a mass of 
developing parthenitae. 

In spite of the damage done to the liver, however, the vitality of the 
mollusc does not appear to be greatly reduced. After the period of infestation 
is over, the host tissues gradually recover, undergo regeneration, and finally 
appear in normal condition. 


(b) The effect of liberated cercariae on the second intermediate host. 


When the cercariae are liberated from the first intermediate host, they 
immediately commence their short active period, their object being to find a 
suitable spot for encystment, or a second intermediate host into whose tissues 
they bore. If this is not accomplished within a certain time, the cercariae die. 

The second intermediate host of the larval trematode is usually an in- 
vertebrate, occasionally an aquatic vertebrate. C. Fasciola hepatica encysts on 
vegetation, while Cercaria ‘“‘Z” encysts in the mantle wall and mantle cavity 
of its specific second intermediate host, L. pereger, of which a single individual 
may contain hundreds of cysts, more or less completely filling the mantle 
cavity. Only occasionally have cysts been found in the snail’s digestive gland. 

The cysts are not so injurious to the snail as the rediae and cercariae, 
because the cysts are passive, they do not feed upon the tissues or liberate 
injurious excretory products. Heavily infested snails containing cysts there- 
fore appear to lead a healthy existence. 


SUMMARY. 


1. Experiments on the liberation of cercariae from their snail hosts have 
shown that under normal conditions C. limbifera (Seifert) and Cercaria “Z” 
n.sp. emerge during the day-time only, while in C. cambrensis I (Wright) the 
emergence takes place during the whole twenty-four hours, but considerably 
more so during the night-time. 

2. Continual darkness causes a decrease in the numbers emerging, and a 
lowering of the temperature partially or completely checks the escape of the 
larvae. 

3. In Cercaria “Z”’ there is a double maximum between 11 a.m. and 4 p.m. 
in the numbers liberated. 

4. The invasion of L. truncatula by the larval stages of Fasciola hepatica 
leads to the disintegration of the host’s tissues, the appearance of black pig- 
ment and the reduction of the liver cells to a thin layer of protoplasm con- 
taining the nuclei. 
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EXPLANATION OF PLATE XV. 


Fig. 1. Longitudinal section through the tentacle of L. truncatula to show the presence of a redia 
of Fasciola hepatica. 

Fig. 2. Section through the mantle of L. truncatula showing the presence of rediae of Fasciola 
hepatica. 

Fig. 3. Cross-section of a normal hepatic tubule of L. truncatula. 

Fig. 4. Cross-section of a hepatic tubule of L. truncatula during an early stage of infection, 
showing the commencement of histological alterations in the liver cells. 

Fig. 5. Cross-section of a hepatic tubule at a late stage of infection where the hepatic epithelium 
is more or less completely destroyed. 


LETTERING OF PLATE. 


ca. calcium phosphate cell; c.t. connective tissue; hep.ep. hepatic epithelium; 1. lumen; 
le. lateral eye; m. mantle; nu. nucleus; par. parasite; pig. pigment; rd. redia; tc. tentacle 
vac. vacuole. 
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HAEMATIN IN THE TRACHEAE OF BLOOD-SUCKING 
INSECTS: AN ARTEFACT. 


By V. B. WIGGLESWORTH, M.A., M.D. 
London School of Hygiene and Tropical Medicine. 


Durine a study of digestion in the tsetse-fly (Wigglesworth, 1929) it was 
noted that in certain flies that had recently been gorged with blood, many 
of the tracheae contained haematin which had obviously invaded them 
from the intestine. The question naturally arose whether this was an artefact 
due to fixation, or whether it occurred in the living insect. Unfortunately, at 
the time these observations were made, I no longer had access to living tsetse- 
flies. Sheep keds (Melophagus) were examined, and these showed no haematin, 
either in the fresh condition or after fixation; but this was easily under- 
standable, since these insects do not engorge themselves with blood to the 
same extent as the tsetse-fly. Finally, from a comparison of appearances at 
different stages after feeding, it was concluded that the condition in the 
tsetse-fly was probably of the nature of an accident, which occurred during 
life in insects which had taken exceptionally large meals, but that no physio- 
logical significance could be attached to the phenomenon. 

Recently, while studying digestion in the blood-sucking reduviid bug, 
Rhodnius prolixus, I was unable to discover any haematin in the tracheal 
system, although very large meals of blood are taken, until one insect was in- 
advertently left in the fixative (Carnoy’s) for twenty-four hours without opening 
up the body cavity. In this case many of the tracheae and tracheoles contained 
pigment, as in Glossina. The same result was obtained whenever a recently 
engorged insect was treated in that way, and it became evident that this 
result was an artefact due to the fixative penetrating too slowly; and that the 
small punctures that had been made in the thorax and abdomen of the tsetse- 
flies had been inadequate. 

The mechanism of the process is not clear; but if a translucent insect, such 
as a flea, is placed alive under a coverslip and Carnoy’s fixative run in, it can 
be seen that this enters some of the tracheae and flows along them towards 
the tissues. Parts of the tracheal system still contain air; and this often moves 
rapidly from place to place, showing that violent diffusion currents are in 
progress. Perhaps it is these currents which carry the blood pigment into the 
tracheal system. If so, this would account for the fact that tracheae are some- 
times seen with only a few faint granules of pigment. These were noted in the 
tsetse-fly, and it was supposed that the haematin had been removed from the 
tracheal tubes in some unexplained manner. 
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In conclusion, it may be pointed out that the only inferences drawn from 
the observations on Glossina concerned the distribution of the tracheae and 
tracheoles, and these, of course, are not affected by the fact that the entry of 
the blood pigment into the tracheal system does not take place until after 
death. 


SUMMARY. 


The entry of blood pigment into the tracheal system after a large meal, 
previously described in Glossina, has been shown to be an artefact of fixation. 


REFERENCES. 
Wiae.esworty, V. B. (1929). Digestion in the Tsetse-fiy. Parasitology, 21, 288-321. 


(MS. received for publication 9. v1. 1931.—Ed.) 


cz 
fic 

— 


443 


THE PROCESS OF COPULATION IN PHLEBOTOMUS 
ARGENTIPES ANN. & BRUN. 


By 8. MUKERJI, MSc. (Cat.), 


Entomologist, Kala-azar Enquiry, Indian Research Fund Association. 
School of Tropical Medicine and Hygiene, Calcutta. 


(With 1 Figure in the Text.) 


Ir is perhaps well known that the males of the genus Phlebotomus are purely 
“sexual forms,” ¢.e. their main function in life being to fertilise the females; 
they die after having copulated. In laboratory-bred strains of argentipes, it 
was found that the females were sought by freshly emerged males. I have 
observed that when a male approaches a female he sways his slender abdomen 
to and fro laterally and when close to her an unerring lateral swing of his 
abdomen links the two horizontally through the agency of the male terminalia. 
The couple remain in this horizontal position facing oppositely with the wings 
of the male placed ventrally to those of the female for about a minute, after 
which the insects separate. In several instances a couple in conjunction was 
seen to move or make short flights in a direction at right angles to their line of 
linkage. 

So far as the available literature is concerned, I have failed to find a figure 
illustrating the actual position of the male and female terminalia whilst in 
copula. I therefore sought to kill a couple in copula and sketch the sclerites 
concerned in situ. 

TECHNIQUE. 


As in other groups of insects, the preparation of a permanent mount of a 
pair in copula is difficult because the sexes usually become separated when 
killed or in the process of mounting. With my assistant, Mr K. N. Dutt, I 
succeeded in killing a copulating pair after several attempts, the insects being 
exposed to strong ether vapour in a test tube. The coupled insects were care- 
fully transferred from the test tube to a hollow slide containing lacto-phenol 
and the slide was temporarily ringed. On the following day the clearing 
process began which yielded a sufficiently clear specimen for microscopical 
observation, when a camera lucida sketch of the mounted parts was made. 


PosITION OF THE MALE AND FEMALE SCLERITES IN CopuLA (Fig. 1) 
AND THEIR RESPECTIVE FUNCTIONS. 


The distal segment of superior clasper (SCd) of the male passes dorso- 
laterally over the cercus (C) and reaches the distal region of the seventh seg- 
ment of the female; the spines of the distal segment of the superior clasper (Sp) 
give a firmer hold. The sub-genital lamella (SZ) and the inferior clasper (IC), 
as shown in the figure, apparently remain apart from the female terminalia 
and thus are of secondary importance. The three lobes of the intermediate 
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appendage (Ap. 1, Ap. 2, Ap. 3) of the male keep the lateral walls of the 
external genital opening of the female (situated dorsally to the eighth ster- 
nite S) distended for the introduction of the intromittant organ (IO) con- 
taining the genital filaments (4). The two spines of the intermediate appendage 
(not shown in figure) are apparently strengthening structures for the intro- 
mittant organ. The figure shows that the genital filaments have already 
protruded a little beyond the intromittant organ and penetrated apparently 
into the paired external openings of the spermathecal ducts; the forked nature 
of the genital filament further supports this view and confirms Sinton’s 
observation of P. major (1925, xtv). 


Fig. 1. Phlebotomus argentipes 3 and 2 in copula (S. M. del). 


Male. Ap. 1, main portion of the intermediate appendage; Ap. 2, middle lobe of the intermediate 
appendage; Ap. 3, lower lobe of the intermediate appendage; G, genital filaments; JC, in- 
ferior clasper; [O, intromittant organ; SCd, superior clasper, distal segment; SC'p. superior 
clasper, proximal segment; SL, sub-genital lamella; Sp. the spines of the distal segment of 
superior clasper; P, “‘ Pompetta.” 

Female. C, cercus; S, eighth sternite. 


Throughout the above description I have adopted Sinton’s homology of 
the appendages of the male and female terminalia (1925, x1 and xrv) and have 
followed his terminology of the parts. 


My thanks are due to my chief Dr L. E. Napier, Officer in Charge Kala-azar 
Enquiry, School of Tropical Medicine and Hygiene, Calcutta, for the trouble 
he took in going through this paper. The work was conducted under a grant 
from the Indian Research Fund Association and I am deeply indebted to the 
Scientific Advisory Board of the said Association for allowing me to publish 
the article. 

REFERENCE. 
Stvton, J. A. (1925). Notes on some Indian species of the genus Phlebotomus, parts Xu, XIV. 

Ind. J. Med. Res. 12, 795; 13, 104. 
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SUR LA PIQURE DU NABIS APTERUS. 


PAR E. ANDRE. 
Faculté des Sciences, Université de Genéve. 


Le nombre des espéces d’Hémiptéres, hématophages, entomophages ou phyto- 
phages, attaquant l’homme, habituellement ou occasionnellement, est assez 
considérable (voir en particulier E. de Bergevin, Les Hémiptéres suceurs de 
sang, Archives de Institut Pasteur d Algérie, 8, 28-44, 1925, et J. G. Myers, 
Facultative blood-sucking in phytophagous Hemiptera, Parasitology, 21, 472- 
80, 1929). A la liste déja longue qui a été établie il convient d’ajouter le Nabis 
apterus Fabr. (= Nabis lativentris Bohemann) qui jusqu’é présent avait été 
considéré comme inoffensif pour l’espéce humaine. Or l’année derniére, au 
mois de septembre, dans une petite localité du canton de Berne (Suisse), un 
individu de cette espéce est venu se poser pendant la nuit sur le cou d’une 
personne et lui a implanté son rostre dans la peau, cela, non pas pour se défendre, 
mais, semble-t-il, pour se repaitre du sang de sa victime. La piqfire a provoqué 
une douleur assez violente, analogue & celle d’une guépe, qui a été suivie de 
prurit et d’une légére intumescence dela peau. Les effets de la piqire, probable- 
ment atténués par l’application d’ammoniaque, ne se sont fait sentir que 
quelques heures. 

Le Nabis apterus appartient 4 la famille des Réduvides, dont certaines 
espéces exotiques sont dangereuses par les Trypanosomes qu’elles inoculent 
leurs victimes et dont la plus grosse espéce de chez nous, le Reduvius person- 
natus, provoque par sa piqire une douleur trés violente, parfois suivie d’une 
paralysie temporaire du membre atteint. Les Nabis se nourrissent d’insectes, 
dont ils peuvent perforer la chitine avec leur rostre fort et court et qu’ils 
tuent plus ou moins rapidement par leur salive venimeuse. Le Nabis apterus 
a été déja signalé en Suisse; il se présente sous deux formes, une 4 grandes 
demi-élytres qui se trouve seulement dans le Midi, oi elle est rare, et une autre 
petites demi-élytres, 
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GONGYLONEMA MACROGUBERNACULUM N.SP. 
(NEMATODE) FROM MONKEYS. 


By M. P. LUBIMOV. 
Parasitologist at the Zoopark of Moscow. 


(With 3 Figures in the Text.) 


THE new species herein described was found in three species of monkey at the 
Moscow Zoopark, the animals having been imported via Germany. 

Material: (a) In July, 1930, the lungs of a Macacus rhesus, imported a 
month before, were sent to the laboratory for examination. A Gongylonema 
Q was found free in the middle bronchi. (b) Subsequently Gongylonema 
(6 $3, 3 29) were found at autopsy in a Cebus hypoleucus, which had lived 
in the Zoopark for 16 months after importation. The worms were encountered 
in a scraping of oesophageal mucosa. (c) Finally Gongylonema (2 29) were 
found at autopsy in the middle bronchi and stomach of a Cercopithecus tama- 
poin Schreb., which died at the Zoopark 4 months after arrival. 

A careful study of the foregoing specimens showed that they belong to a 
new species, which we name Gongylonema macrogubernaculum. 


Description: Gongylonema. A long thread-like white worm of uniform 
thickness. Cuticle striated transversely and bearing on the anterior end from 
5 to 6 rows of cuticular bosses (Fig. 1), some oval, some round, of varying 
size. Wing-like enlargements are present. Near the anterior extremity are 
located on round laminae a pair of symmetrical neck-papillae. On the anterior 
end are situated chitinous formations, some protruding in the shape of lips, 
some descending subterminally in the form of small “épaulettes.” The buccal 
cavity leads into a small pharynx. 

Male. Body-length 12-3-15mm. On the caudal end (ventrally slightly 
curved) the cuticle has a wing-shaped enlargement. On the cephalic end the 
cuticular bosses extend backwards to a distance of 0-64 mm. Neck-papillae 
situated 0-129mm. from cephalic extremity. Pharynx 0-032 mm. long. 
Oesophagus 4mm. long. The two spicules show considerable variation in 
dimensions and structure; left spicule, 5 to 6 mm. long, is whip-like and thin, 
funnel-shaped proximally and sharp distally; right spicule thick, short, 0-109- 
0-129 mm, long with proximal end groove-like and rough, distal end pointed 
and bent ventrally. Gubernaculum straight, formed like a bamboo stick, its 
distal border with posteriorly curved notches (Fig. 2). Distal extremity has 
cup-like formations, embracing both spicules from the side. The gubernaculum, 


oe os 


e 
4 
“a 


M. P. Lusrmov 447 


0-165 mm. long, surpasses the right spicule in length, 9 pairs of peduncle-like 
caudal papillae situated as follows: 5 pairs of preanal papillae are located at 
equal distances from each other, 2 pairs of postanal ones are situated nearer 
to the caudal end and 2 pairs of postanal papillae are uniformly spaced 
behind the anus. Besides peduncle-like papillae, several sessile papillae are 
grouped on the very end of the caudal extremity. Cloaca situate ca. 0-193 mm. 
from caudal end. 


Fig. 1. Fig. 2. 


Fig. 1. @. macrogubernaculum n.sp., cephalic end. 
Fig. 2. @. macrogubernaculum n.sp., 3, caudal end. 
Fig. 3. G@. macrogubernaculum n.sp., 2, caudal end. 


Female 33 mm. long, 0-23 mm. wide in front of vulva. Caudal end nar- 
rows gradually behind anus and is slightly curved ventrally. Cuticular bosses 
extend backward for 1-09 mm. from the cephalic end; neck papillae situated 
0-139 mm. from head end. Pharynx 0-038 mm. long. Oesophagus 5-46 mm. 
long. Lips of vulva slightly prominent, latter situated at 1-18 mm. from the 
caudal end (Fig. 3). Eggs with thick outer envelope, 0-051 x 0-0032 mm., 
contain developed embryos. Anus situated 0-132 mm. from caudal end. 
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DIFFERENTIAL DIAGNOSIS: Gongylonema macrogubernaculum n.sp. is dis- 
tinguished from other species of Gongylonema by (a) the structure and length 
of the gubernaculum, the latter being at the same time longer than the 
right spicule; (b) its occurrence in monkeys; (c) the small size of the sexually 
mature males and females. It differs from G. musculi Rudolphi, 1819, G. 
neoplasticum Fibiger et Ditlevsen, 1914, G. brevispiculum Seurat, 1911, and 
G. orientale Yokogawa, 1925, by the dimensions of the left spicule, which is 
much shorter in all of these species. 

Grateful acknowledgement for helpful suggestions in conducting this study 
is made to Prof. K. N. Skriabin. 


(MS. received for publication 18. v1. 1931.—Ed.) 
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I. INTRODUCTION. 


In a previous publication (Hoare, 1929) I gave an account of the investigations 
which led to the identification of Trypanosoma grayi from the tsetse-fly, 
Glossina palpalis, with the trypanosome of the African crocodile, formerly 
known as 7’. kochi. It was established experimentally that the infective 
forms of 7’. grayi are produced in the hind-gut of the fly (“posterior station”) 
and that transmission is effected by the contaminative method, through the 
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mouth of the crocodile. After an incubation period of about four days the 
trypanosomes introduced into the crocodile are capable of infecting “clean” 
flies. 7’. grayi was experimentally carried through the entire life cycle in its 
vertebrate and invertebrate hosts. 

The present paper is devoted mainly to a description of the life cycle, 
morphology and affinities of 7’. grayi. The material was collected in 1927-1929 
in Uganda, while I was attached to the Human Trypanosomiasis Institute 
in Entebbe, the subsequent investigation having been carried out at the 
Wellcome Bureau of Scientific Research, London. 

I have already given a critical review of the previous literature dealing 
with the host relationships of 7. grayi (Hoare, 1929), and shall, therefore, 
restrict my references here to works having a direct bearing on the problems 
discussed. As is known, the independent nature of 7. grayi, as observed in 
the tsetse-fly, was established by Novy (1906) and by Minchin, Gray and 
Tulloch (1906). This parasite was also described by Koch (1905a) and by Gray 
and Tulloch (1905), but these observers mistook it for the developmental 
stages of 7’. gamlense in the fly. While Gray and Tulloch’s mistake, pointed 
out by Novy (1906), was never disputed, the error committed by Koch has 
remained an object of controversy up to the present time. As the question 
is of some historical interest I propose to re-examine it here in the hope of 
settling the disputed points. 

In one of his papers Koch (1905) apparently united into one series various 
trypanosomes found in the tsetse-flies, amongst which 7’. grayi is recognisable. 
In a later publication he (Koch, 1905a) gave what purported to be a differential 
diagnosis of 7’. brucei and 7. gambiense in their respective intermediate hosts 
(Glossina morsitans and G. fusca, on one hand, and @. palpalis, on the other). 
While the characters of 7’. brucei were described correctly, those attributed to 
T’. gambiense correspond in every detail to 7. grayi. As is known, 7’. gambiense 
is actually indistinguishable from 7’. brucei. The true nature of Koch’s “T. 
gambiense” was revealed by Novy (1906), Minchin, Gray and Tulloch (1906, 
1907) and Minchin (1908). The correctness of Koch’s diagnosis of 7’. gambiense 
in the tsetse-fly was also questioned by Kleine and Taute (1911), but they 
omitted to draw the obvious conclusion that Koch had been dealing with 
T. grayi, though this trypanosome was both described and figured by them. 
In a later paper Koch (1906) described trypanosomes from G@. palpalis in a 
region where sleeping sickness was absent, and suggested that they probably 
originated from parasites in the crocodile’s blood. He further stated that these 
trypanosomes “haben natiirlich nichts mit dem Trypanosoma gambiense zu 
tun,” and “ Auf jeden Fall lehrt unser Befund, dass man, wenn Trypanosomen 
in der Glossina palpalis gefunden werden, nicht ohne weiteres berechtigt ist, 
dieselben als zum Trypanosoma gambiense gehérig anzusehen” ([.c. p. iv). 
Though these remarks were applicable to his earlier observations, there is 
no evidence in this paper that Koch realised these flagellates were identical 
with his “ 7’. gambiense” of 1905. 
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Laveran and Mesnil (1912) referring to T. kochi observed that “TV illustre 
savant [Koch] n’a jamais prétendu, comme on le lui a fait dire, que ce trypan. 
du crocodile avait quelque relation avec le Tr. gambiense” (l.c. p. 844). This 
statement, if unqualified, is somewhat misleading. It is possible that Laveran 
and Mesnil are referring to unpublished misstatements regarding Koch’s 
opinions, and such, I am told, were current at that time, but I have been quite 
unable to trace such an accusation against Koch in print. This observer not 
only recognised the independent nature of the parasite afterwards named 
T. kochi, but also “il a émis la supposition que certaines catégories de formes 
trypan. ou crithidiennes que l’on rencontre souvent dans l’intestin des 
glossines...devaient se rapporter au trypan. du crocodile” (Laveran and 
Mesnil, /.c.). It is true, however, as pointed out by Koch’s critics, and as I was 
able to satisfy myself from a perusal of the original publication, that in 1905 
he described as developmental stages of 7. gambiense forms which were sub- 
sequently recognised to be 7. grayi, and were identical with the flagellates 
which Koch (1906) himself suspected to be the developmental forms of the 
crocodile trypanosome. 

The most important papers on 7’. grayi are those by Novy (1906) and by 
Minchin (1908); these, together with a number of others bearing on various 
points of interest, will be discussed later. 


II. MATERIAL AND METHODS. 


The material for this work consisted of stained films of crocodile’s blood, 
of its tissue smears and various organs fixed for sections, of smears of the 
intestinal contents of infected tsetse-flies, of infected flies in toto and of their 
viscera, fixed for sections. All these preparations were made in the course of 
the experimental work on the transmission of 7. grayi, fully described in my 
preceding paper (Hoare, 1929). The animals used in the course of these 
investigations included twenty crocodiles, four of which were naturally and 
sixteen (“clean” young crocodiles reared in the laboratory from eggs) experi- 
mentally infected, and of about 4000 tsetse-flies, of which about 2400 were 
bred in the laboratory from pupae (‘‘clean” flies), while the remainder were 
“wild.” Out of the total number of flies examined 474 were infected with 
T. grayi. The study of the development of this trypanosome is based on various 
preparations of 205 experimentally infected “clean” Glossina palpalis. The 
method of feeding the flies on crocodiles and of maintaining them in the 
Entebbe laboratory has been already described (Hoare, I.c.).- 


1. Treatment of the flies. 


When required for dissection a batch of flies, kept in a fly box, was chloro- 
formed and treated as follows: The wings and legs of each were removed with 
small scissors, the tip of the abdomen was cut off, and the fly placed on a slide 
with a drop of saline. The body was then held in position with a dissecting 
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needle in the left hand, while with another needle in the right one the contents 
of the abdomen were gradually pressed out on to the slide. By this method 
almost the entire intestine, from proventriculus to anus, together with the 
crop and salivary glands can be extracted. The slide was then placed under a 
dissecting microscope (mono- or binocular) and the alimentary canal gradually 
separated from the surrounding tissues. The intestine was divided into two 
parts at the point of entry of the Malpighian tubes, thus isolating the mid-gut 
from the hind-gut, the two portions being placed on separate slides. A sample 
of the contents of the intestine was then examined under the microscope, and 
if trypanosomes were present separate preparations were made of the two 
parts of the gut. These were teased up thoroughly in a small drop of saline 
and exposed to the vapour of 1 per cent. solution of osmic acid for about 
fifteen seconds, after which a droplet of blood serum (human) was added. 
Part of the material was sometimes transferred to a coverslip, fixed in Schau- 
dinn’s fluid and stained with Heidenhain’s iron haematoxylin or with Mayer’s 
acid haemalum. In most cases, however, a thin smear was spread over the 
slide, dried rapidly in the air and stained with Giemsa’s mixture for about one 
hour, after fixation in methyl alcohol. In order to obtain uniformly good 
results the preliminary fixation with osmic vapour and the addition of serum 
were found to be essential. 

In the case of flies fixed for sections the procedure was as follows: After 
killing the fly a small amount of its faeces was squeezed out through the anus 
and examined microscopically. If flagellates were found, the wings and legs 
were cut off and the fly fixed in Dobell’s modification of Bouin’s picro-formol 
(with the addition of 1-2 drops of chloroform) for twenty-four hours (for 
particulars see Hoare, 1923). If the results of the examination of the faeces 
were negative the fly was dissected in the usual manner and the contents of a 
portion of the mid-gut removed for examination without disentangling the 
whole intestine. On finding flagellates the entire mass of viscera was fixed in 
picro-formol for about twelve hours. 

The following was found to be the most satisfactory procedure for em- 
bedding the flies: 

(1) Alcohol 90 per cent.—1l-2 hours, (2) absolute aleohol—2-3 hours 
(changed once), (3) chloroform + carbon bisulphide, in equal parts—2 hours 
(changed once), (4) carbon bisulphide—1-1} hours, (5) saturated solution 
of paraffin wax in carbon bisulphide—overnight (kept warm on the top of 
paraffin oven), (6) paraffin wax (pure)—2-2} hours (when viscera alone were 
used this time was reduced to 1} hours). 

At this point I wish to emphasise the importance of examining both mid- 
gut and hind-gut in the course of dissection, since a negative mid-gut does 
not imply a negative hind-gut, as is shown from the fact that 16 per cent. of 
the positive flies examined had only mid-gut infections. As regards the treat- 
ment of the material, the necessity of preparing both stained smears and 
sections for an investigation of the life cycle is obvious, since the two are 
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complementary: the former being indispensable for the study of the morpho- 
logy of the flagellate and of its stages of development, the latter for the dis- 
tribution of the parasite in the alimentary canal. 


2. Treatment of the crocodiles. 


Regarding the material from the crocodile little need be said. The blood 
from infected individuals was collected either after the animal was killed, or 
from the living animal—by pricking the skin and collecting with a pipette or 
by heart puncture (for description of the method see Hoare, 1929, p. 47). 
Tsetse-flies were also employed for the same purpose: they were first allowed 
to gorge themselves on a crocodile, and killed immediately afterwards, the 
freshly ingested blood being recovered from their intestine. The blood was 
spread into films either immediately, or after being citrated and centrifuged. 
In view of the scanty number of trypanosomes usually present, necessitating 
the examination of numerous films before a single specimen could be found, 
the following method was adopted. After addition of citrate to the blood of 
the crocodile, a drop at a time was transferred to a slide and examined without 
a coverslip under low power of the microscope. As soon as the presence of a 
trypanosome was revealed by its movements the drop was spread into a film. 
This method, though somewhat laborious, proved very satisfactory, since in 
most cases the trypanosomes could easily be detected in the stained film. The 
blood-films were dried and stained by Giemsa’s method. Tissues and organs 
of infected crocodiles were fixed for sections in picro-formol and also smeared 
on slides. 


Ill. 7. @RAavyi IN RELATION TO THE CROCODILE. 


The trypanosome of the African crocodile, Crocodilus niloticus, now known 
as T. grayi (Hoare, 1929), was first recorded by Koch (1906), and was later 
seen by Minchin, Gray and Tulloch (1906), Kleine (1910) and Bruce et al. (1911). 
A recognisable figure of it, without a description, was given by Kleine and 
Taute (1911), but Bruce et al. (1911) were the first to give a description of 
this parasite, illustrated by a very good figure. Our previous knowledge of 
the structure of this trypanosome, as it appears'in its vertebrate host, was thus 
based upon the single specimen described by the last-named authors. 


1. Degree of infestation of crocodiles. 

The specimens of trypanosomes seen by me were recovered chiefly from 
young crocodiles experimentally infected from flies (cf. Hoare, 1929), and 
from a few “wild” crocodiles. The trypanosomes are extremely scanty in the 
blood of both naturally and experimentally infected crocodiles, in all stages 
of infection. Though examinations were made from the fourth day of infection 
(incubation period) onwards, and in long-standing natural infections, the 
number of trypanosomes was always found to be uniformly low. In fact it 
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was usually necessary to examine carefully dozens of films before a single 
individual could be detected. Even centrifugation of the blood was not of 
much help, the best results having been obtained by examination of fresh 
blood and by substituting the fly for the syringe, as described above. By 
using this method it could be estimated that the maximum number of trypano- 
somes per | c.c. of the peripheral blood of the crocodile was about 200 (ef. 
p. 465). 
2. Incidence in crocodiles. 


The small number (4) of “wild” crocodiles examined directly and xeno- 
diagnostically, and the absence of literary data on this point do not warrant 
any generalisation as to the incidence of 7’. grayi in crocodiles under natural 
conditions. However, from the fact that the random individuals examined 
by me were all infected, and from a comparison of the infection rate in naturally 
and experimentally infected tsetse-flies (cf. Table II, p. 460) it can be inferred 
that probably the majority of adult crocodiles harbour 7. grayi in nature. 
This question will be considered more fully in the next section (p. 464). 


3. Effect of infection upon host. 

T. grayi appears to have no harmful effect upon its reptile host. Young 
crocodiles—not more than one month old—have been inoculated with flagel- 
lates derived from numerous flies, and though the number of trypanosomes 
thus introduced must have been considerably greater than that to which the 
crocodiles would have been exposed under natural conditions, they never 
showed any signs of discomfort. The absence of symptoms was to be expected 
in view of the scanty number of trypanosomes in the blood. The infection in 
the crocodiles thus belongs to the category of so-called “cryptic” trypano- 
somiases, especially well represented in sheep (Hoare, 1923) and in goats 
(Theodor, 1928). 

4. Duration of infection. 

A remarkable feature of the infection in these reptiles is its persistence. 
Observations on the duration of infection were conducted on a crocodile 
naturally infected with 7’. grayi. This individual, an adult, about six feet long, 
at least fifteen years old, to judge from its size, was caught in Victoria Nyanza 
by native fishermen on January 18th, 1928. It lived in the laboratory com- 
pound in a special tank, out of reach of tsetse-flies, and was kept under 
observation for over two years. During that period it was examined xeno- 
diagnostically at various intervals, the last examination having been made at 
my request by Dr J. M. Wallace, a year after I had left Uganda}. 

The results were as follows: 

(1) August, 1928 (seven months after the crocodile was captured): out of 
115 “clean” flies fed on the crocodile, 30 acquired an infection with 7’. grayi. 


* Tam much indebted to Dr Wallace for this friendly service and for communicating to me 
particulars of his experiment. 
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(2) November, 1928 (ten months of captivity): out of 67 flies 5 became 
infected. 

(3) December, 1928 (eleven months of captivity): out of 32 flies 8 became 
infected. 

(4) January, 1929 (over twelve months of captivity): out of 29 flies 6 became 
infected. 

(5) Dr Wallace’s experiment: April, 1930 (thirty months of captivity): out 
of 36 flies 2 became infected. 

No further examinations could be made, owing to the death of the 
crocodile. 

It is thus seen that a natural infection of T. grayi can persist in the croco- 
dile for over two years. Since, in the absence of tsetse-flies, the crocodile 
could not have acquired the infection in captivity, it must have harboured the 
trypanosomes before it had been caught, possibly for years. As far as I am 
aware, this is the longest period of observation carried out on a non-pathogenic 
trypanosome in its natural host. 


5. Immunological relations. 


The type of infection in which the parasite persists for long periods in 
small numbers without manifesting any symptoms in its host is well known 
amongst non-pathogenic trypanosomes and other protozoa. In most cases, 
however, at the beginning of the infection there is either an acute stage or the 
parasites are present in large numbers, and only later the infection passes to a 
chronic or “carrier” stage, with few parasites present. In such cases it would 
appear that immunity is gradually acquired by the susceptible host as the 
result of infection. The subsequent course may vary as follows in chronic 
trypanosomiases of the non-pathogenic type: 

(1) The parasites are gradually destroyed and the host remains immune to 
further infection (e.g. 7. lewisi): this is an instance of permanent or absolute 
active immunity. 

(2) The parasites are gradually destroyed, but no permanent immunity 
is conferred, since the host can be re-infected with the same trypanosome 
(e.g. T'. rotatorium): this is an instance of partial or tolerance active immunity. 

In the preceding cases the host is naturally susceptible to the trypano- 
somes and the immunity, whether absolute or partial, is acquired. 

However, in infections with 7. grayi and some other trypanosomes the 
relations are quite different. In crocodiles infected with 7’. grayi as in sheep 
infected with 7’. melophagium, there is no acute stage of the infection nor are 
trypanosomes present in large numbers at any time, irrespective of the number 
of trypanosomes introduced originally (cf. Hoare, 1923). If the number of 
trypanosomes were to be plotted on a chart, in the type of infection considered 
above (7'. lewisi, 7’. rotatorium), the curve would rise in the early stages and 
then gradually fall, remaining at a low level for a long period, and finally 
dropping to zero, whereas in the crocodile and sheep trypanosomiases the 
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curve would be represented as practically a straight line running on a low 
level from the very beginning of the infection. It would thus appear that the 
crocodile and the sheep possess a natural partial or tolerance immunity which 
suppresses the development of the trypanosomes immediately they are intro- 
duced into the host. This type of immunity thus differs from the type of 
partial immunity usually described as “immunitas tolerans,” “ prémunition” 
or “‘carrier state,’ considered above in that it is natural to the host, whereas 
the latter is acquired. Whilst in the sheep the trypanosomes gradually die out 
in about three months, after which it can easily be re-infected, in the crocodile, 
as shown above, the infection runs an even course for several years, and possibly 
indefinitely. This natural, and therefore inherent, partial immunity of the 
crocodile and the sheep has probably developed as the result of centuries of 
association with their trypanosomes (cf. Hoare, 1925). The different types of 
immunity discussed above show a definite gradation probably indicative of 
the phases of adaptation between parasite and host in the course of their 
evolution, and can be summarised as follows. 

In such hosts, as the frog and the rat, there is no natural immunity, these 
animals being fully susceptible to trypanosome infection, which in the case of 
T’. rotatorium confers upon the host a partial active immunity, and in that of 
T. lewisi—absolute active immunity. The sheep and the crocodile, on the other 
hand, are naturally immune to trypanosome infection, but this immunity is 
only partial (immunitas tolerans): it does not protect the hosts from invasion 
by the parasite, but maintains its numbers at a constantly low level. A stage 
further in the development of the protective properties of the host would lead 
to absolute natural immunity, when it is completely resistant to a given 
parasite. 

With the exception of T. lewisi, practically nothing is known regarding 
the mechanism of immunity in infections with non-pathogenic trypanosomes. 
In the absence of any serological observations on other trypanosomes of this 
type, the views expressed above are but tentatively advanced, as a working 
hypothesis. If it fails to give an adequate explanation of the facts observed, 
it, at least, affords a method for their classification. 


6. Morphology of the blood parasite. 

We can now turn to the description of T. grayi as it appears in the blood 
of the crocodile. In spite of a fairly large number of infected animals available 
only seven out of about two dozen stained specimens of trypanosomes were 
found suitable for description, while a number of others were observed in the 
living state. When examined in a fresh drop of blood under a coverslip the 
trypanosome is usually seen to be pivoting about its posterior end, the free 
flagellum lashing about and a series of waves passing along the undulating 
membrane. Movements within the field are fairly slow and easy to follow 
without losing sight of the trypanosome. 

The measurements of 7’. grayi taken from blood films stained with Giemsa’s 
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mixture are given in Table I, and include those of the specimen described by 
Bruce et al. (1911)}. 

T. grayi (Pl. XVI, figs. 1, 2) is a very large species, measuring from 68 » 
to 91 in length, including the free flagellum, the length of which varies from 
10u to 23. The breadth of the body at the widest point is from 6 to 8p. 
Both ends of the body are drawn out to a point. The nucleus is disposed near 
the posterior third of the body, at a distance of from 16 to 25 from the end. 
The kinetoplast? (= kinetonucleus + blepharoplast) is situated near the con- 
vex edge of the body in close proximity to the posterior margin of the nucleus: 
it may be actually adjacent to it or at a distance not exceeding 4. Anteriorly 
to the kinetoplast a vacuole-like structure is usually observed. The undulating 
membrane is strongly developed, forming a well-marked frill along the convex 
edge of the body (Pl. XVI, fig. 1). The surface of the body appears to be striated, 
a series of dark lines running from the anterior to the posterior end. These 
markings are more or less parallel to the long axis anteriorly to the nucleus, 
but in the posterior portion of the body they run an oblique course. According 


Table I. Dimensions of T. grayi from the blood of the crocodile 


(tn microns). 
After 
Specimens... 1 Ss. 3 4 5 6 7 Bruce Range 
Parts of body (1911) 
Total length 91 72 70 74 #68 73 72 87 68-91 
Body length 72 60 58 63 58 58 60 64 58-72 
Free flagellum 19 12 12 ll 10 165 12 2 10-23 
From end of body to nucleus 26 24 20 20 16 22 21 18 16-26 
From end of body to kinetonucleus 25 24 18 16 16 18 21 418 ~= 16-25 
From kinetonucleus to nucleus 1 2 O-+ 
Breadth of body 8 — — 8 6 7% — — 68 


to most authors who have seen similar markings in other trypanosomes, the 
striation is present only in the anterior part of the body, stopping short at the 
nucleus. Such an appearance is, however, presented only in imperfect speci- 
mens (Pl. XVI, figs. 2, 3), whereas in well-preserved individuals the striation 
extends practically throughout the entire length of the body (Pl. XVI, fig .1). 

These lines have been described in other large trypanosomes as myonemes, 
but there is no evidence for this interpretation, and they may be regarded with 
equal justification as surface markings of the type found in ciliates. In a 
recent paper M. and A. Lwoff (1931) also cast doubt on the accepted inter- 
pretation of the markings observed in trypanosomes. With the finer technique 
employed by these authors they have succeeded in demonstrating the presence 
of a striation in some of the leptomonads. 

The type of trypanosome described was the only one that could be detected 
in the blood of the crocodile. An examination of smears and sections of liver, 


* Some of these figures were calculated from Bruce’s description. 

* The description of the morphology of the vertebrate and invertebrate stages of 7’. grayi 
follows the conventional lines, without the finer cytological details recently revealed by A. and 
M. Lwoff (1931). 
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lung, spleen, kidney and heart of infected crocodiles failed to reveal any 
developmental forms. This is not surprising, since, in view of the extremely 
scanty infection, the chances of detecting trypanosomes in the tissues would be 
very small. The part of the life history which 7’. grayi passes in the vertebrate 
host thus remains unknown. There are, however, a number of observations 
which throw light upon certain phases of the life cycle of the trypanosome in 
the crocodile. Thus, it was established experimentally (Hoare, 1929) that the 
incubation period in the crocodile was not longer than four days. Hence it 
follows that the development of the enormous trypanosome found in the blood 
of the reptile from the relatively minute flagellate (Pl. XVIII, fig. 62) intro- 
duced into it by the fly takes place within that short period of time. It was also 
noted (p. 453, and Hoare, 1929, p. 50) that trypanosomes could very rarely be 
detected in blood films taken directly from the heart, but if smears were made 
of the blood recovered from flies, that had just gorged themselves on an 
infected crocodile, trypanosomes could be found in practically every pre- 
paration. This would seem to indicate that 7. grayi occurs mainly in the 
peripheral skin vessels of the crocodile. A similar distribution of T'. congolense 
was recently observed by Hornby and Bailey (1931) in bovines. Although 
no stages of multiplication of 7’. grayi could be found in the tissues of the 
crocodile, it is obvious that some development does take place. Infections of 
long duration, such as that described above (p. 454), support this view, other- 
wise it would be necessary to assume that the individual trypanosomes 
originally introduced by the fly were capable of surviving for over two years, 
which seems highly improbable. 


IV. 7. @ravi IN RELATION TO THE TSETSE-FLY. 


The previous works on 7’. grayi, before its true nature and relation to the 
trypanosome of the crocodile were revealed (Hoare, 1929), dealt almost 
exclusively with the morphology of this parasite as observed in the “wild” 
Glossina. The results obtained from the study of these infections of unknown 
duration in random flies, therefore, conveyed no idea of the life cycle of the 
flagellate or of its distribution in the insect host in the course of its develop- 
ment. 

Some of these works have already been reviewed (Hoare, 1929 and in the 
Introduction). Their bearing upon questions dealt with in the present paper 
will be discussed as the occasion arises. 

As stated above, the material on the development of 7. grayi in Glossina 
palpalis on which this investigation is based consisted of over 200 “clean” 
flies experimentally infected from crocodiles in the course of transmission 
experiments (Hoare, 1929). The majority of the crocodiles were “clean” 
animals experimentally infected from “wild” flies, while others had natural 
infections. 

The infected flies were killed off at periods from one hour to thirty-four 
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days after the single infecting meal and prepared as described above (p. 451 
et seq.). In this manner material was provided for the study of all the stages 
of the life cycle of T. grayi in chronological order. 


1. Rate of infection in the flies. 

The susceptibility of insect vectors to infection with trypanosomes, other- 
wise the degree of transmissibility of the latter, is a subject which has lately 
attracted considerable attention, especially in relation to the pathogenic 
African trypanosomes, and various hypotheses have been advanced regarding 
the respective réles played by the parasite and its hosts in this connection. 
The extreme variation in the rate of infection of the insect vectors of different 
trypanosomes, as recorded by various authors, is well illustrated by the 
following figures, which represent the results of experimental infections. In 
the case of 7. gambiense, it appears that the infection rate in G. palpalis is 
usually about 3 per cent., but in many cases it may fall to zero (in so-called 
“non-transmissible” strains: Duke, 1928). In T. brucei and T. rhodesiense, 
developing in G. morsitans, this rate was found to be 0-2 and 3 per cent. 
respectively. With 7. vivax, in G. palpalis, it can be as high as 20 per cent. 

The data available for non-pathogenic trypanosomes are very meagre. 
In the case of 7’. lewisi, 25 per cent. of the fleas (Ceratophyllus fasciatus) be- 
come infected, whereas in that of 7. melophagium the rate of infection in 
the ked (Melophagus ovinus) approaches 100 per cent. 

The rate of infection of G. palpalis with T. grayi was estimated from the 
examination of nearly 3000 flies, about half of which were “wild” flies with 
natural infections, and the other half were “clean” laboratory-bred flies, 
infected experimentally. The results of the examination are set forth in detail 
in Table II, in which the flies are divided into the following groups, considered 
separately: 

(1) “Clean” experimental flies all of which had fed once on infected 
crocodiles, and include—Group A: Flies that had no subsequent meal and 
were killed not later than on the fifth day after infection; Group B: Flies that 
were fed regularly (on mammalian blood) after the infecting meal and were 
killed at later periods, 

(2) Group C: “Wild” flies with natural infections, the history of which is 
unknown. This group was dealt with in detail elsewhere (Hoare, 1928, 1929) 
and the figures obtained will be used here for comparison only. 

As is seen from Table II, in batches that were examined during the first 
five days following infection (group A) and had not had a second meal the 
proportion of infected flies is very high, ranging from 40 to 74 per cent., with 
an average of 61 per cent., of the total number of flies that had the oppor- 
tunity of acquiring an infection. The period of five days during which some of 
these flies were allowed to remain without food after the first meal is not 
abnormal and is comfortably supported by them. However, if the period of 
starvation was prolonged further there was a marked fall in the infection rate 
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of the flies. Thus, in one batch, the period of starvation was extended practically 
to the limit of their endurance, the flies being killed nine days after the 
infecting meal. The infection rate in this batch proved to be only 11 per cent. 

Normally the flies used in the experiments were fed every two or three 
days on sheep specially kept for this purpose. In three batches of flies, killed 
8-9 days after infection and allowed to feed normally during the experiment, 
the infection rate was found to be 4-2, 9 and 10 per cent., 7.e. very near to that 
(11 per cent.) obtained in the batch that was starved during the same period 
of time. 

The average degree of infection in all the flies belonging to this group (B), 
i.e. in batches that had fed regularly during the period of the experiments— 
the duration of which varied from eight to thirty-four days—was 17-3 per cent. 
with a range from 0 to 41 per cent. If the unfed flies with early infections 
(group A) are added to the fed flies with established infections (group B), 
the infection rate for the two groups together (A + B), i.e. for the total number 
of experimental flies examined by me, will be from 0 to 74 per cent., with an 
average of 20 per cent. 

These data and the conclusions to be drawn from them can now be con- 
sidered in greater detail. The most interesting fact observed is the striking 
difference between the infection rates in groups A and B, i.e. between the flies 
that were examined in the early stages of infection (up to five days) and those 
in which the infection was allowed to run its normal course. Whereas in 
batches of group A the minimum percentage of infected flies was 40, in those 
of group B this was the maximum, the mean figures for the two groups being 
61 and 17-3 per cent. respectively. These facts show clearly that in spite of 
the small number of trypanosomes present in the blood of the crocodiles, the 
majority (average 60 per cent.) of the tsetse-flies fed on them succeeded in 
acquiring an infection. This was also demonstrated directly, since blood forms 
of T. grayi have actually been recovered from a large proportion of flies 
immediately after an infecting feed (cf. p. 458). As will be shown later, during 
the first few days 7’. grayi undergoes rapid multiplication in the gut of the fly 
and passes through the most important stages of its life cycle. 

The development of 7. grayi, successfully initiated in about 60 per cent. 
of the flies, does not, however, continue in all, for in over 40 per cent. it ceases 
between the fifth and ninth days, only about 18 per cent. being capable of 
retaining a permanent infection which will permit the trypanosomes to 
establish themselves in the fly and complete their evolution. 

The results obtained with 7. grayi can now be compared with the data 
for T. gambiense. This comparison is all the more appropriate in that the insect 
host is common to both these parasites. According to Robertson (1913), in 
order to establish itself in the tsetse-fly, 7. gambiense must be capable of 
resisting the action of the digestive processes in the fly and of withstanding 
the effect of fresh blood meals. The latter factor is held to be responsible for 
clearing the trypanosomes from the gut in a large proportion of flies, leaving 
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only 3 per cent. with a permanent infection. On the other hand, in flies that 
were allowed to starve for about twelve days after the infecting feed the 
infection rate was found to be as high as 15-5 per cent. Robertson believes that 
the capacity of establishing an infection in the fly depends mainly upon the 
type of trypanosome introduced with the blood. In general, however, it is 
admitted that the infection rate is due to the peculiarities of the trypanosomes 
“interacting with the inhibiting forces of the fly.” This problem was also 
discussed by Duke (1928) who maintains that “the tsetse-fly itself is neutral 
in regard to the subsequent development of the trypanosomes” (l.c. p. 97): 
“if the appropriate forms of the parasite are taken up by the fly, they will 
develop” (l.c. p. 97). This author believes that the vertebrate host “exerts a 
very potent influence on the conduct of the protozoon” (l.c. p. 98). The latter 
statement is based on the observation that passage through ruminants alters 
the transmissibility of T. gambiense. 

The results obtained and the interpretations given by Robertson and by 
Duke for 7. gambiense do not provide a satisfactory explanation of the facts 
observed in 7’. grayi. In the case of 7. gambiense, as described by Robertson, 
it was known that every fly had actually ingested trypanosomes with the 
blood meal, since only heavily infected monkeys were employed in the experi- 
ments. On this account, the figures given for the infection rate in the tsetse- 
flies have an absolute value, and show that a large proportion of the flies failed 
to become infected with 7. gambiense in spite of the favourable conditions 
afforded. 

In the case of 7’. grayi, however, the parasite is so scanty in the blood of the 
crocodile that it is conceivable that the maximum of 74 per cent. of flies 
found infected during the first five days after the meal were the only ones 
that had ingested trypanosomes with the blood, the negative findings in the 
remaining flies being due to the absence of trypanosomes from their meal. 
It is thus probable that, given the chance, 100 per cent. of the flies used in the 
experiments were potentially capable of acquiring an infection. In the case 
of the sheep trypanosome (7'. melophagium) the percentage of naturally 
infected keds was found to be about 100 (Hoare, 1923), the scantiness of 
trypanosomes in the blood of the sheep being compensated for by the fact 
that the sheep ked feeds repeatedly on the same host, thus increasing the 
chances of ingesting parasites capable of setting up a permanent infection in 
all the flies. 

The cause of the regular fall in the number of flies infected with 7’. grayi 
from the fifth day onward is unknown. That it is not due to the fresh meals 
of blood subsequent to the infecting feed is evident from the fact that the 
same diminution occurs in flies that had been starved for nine days (cf. p. 461). 
That the parasites are capable of withstanding the digestive processes in the 
fly is evident from the fact that they develop in over 60 per cent. of the flies 
(and potentially, probably, in all of them) for at least five days, their resistance 
breaking down only later, after the digestion of the original meal is completed. 
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It is thus obvious that other causes should be sought in order to explain the 
failure of 7’. grayi to establish itself permanently in the majority of flies. The 
observations recorded indicate that the rdle of the insect host is far from 
being passive, and are more consistent with the view that among the Glossina 
certain individuals are immune. In the case of 7. gambiense, in which oniy 
15 per cent. of the flies become infected under the most favourable conditions, 
it would appear that the majority are naturally immune, while in T. grayi it 
seems that a large proportion of the flies acquire an immunity after the fifth 
day of infection. On the other hand, the intermediate host of the sheep 
trypanosome appears to be highly susceptible to infection. 

The problem of immunity in the insect host has recently been investigated 
by Huff (1929, 1930), who found that among mosquitoes there existed races 
and individuals varying in their susceptibility to infection with the different 
parasites of bird malaria. The individual immunity of the mosquito to a given 
species of parasite was permanent, but did not extend to other species. Whether 
there exist similar strains in Glossina, varying hereditarily in their suscepti- 
bility to trypanosome infection, we do not know, but the existence of in- 
dividual immunity can hardly be doubted. This immunity actually extends 
to the majority of individuals of the tsetse-fly, only a small proportion being 
fully susceptible. Probably, however, the insect is not the only factor in- 
fluencing the development of the trypanosome: it is more likely that its 
capacity to develop is the result of the interaction of the properties of the 
parasite itself and of the conditions obtaining in both vertebrate and inverte- 
brate hosts. 

The question of the susceptibility of insect vectors to infection by trypano- 
somes is both of theoretical and practical interest. Its general biological 
significance lies in the fact that it has a direct bearing upon the phylogeny of 
the trypanosomes, in that it gives an indication of the degree of adaptation 
established between the parasite and its insect host in the course of evolution. 
In the non-pathogenic trypanosomes with a contaminative method of infection 
(T. melophagium, T. lewisi, T. grayi, etc.) this adaptation is very high, and 
this is in keeping with the view that these parasites are phylogenetically the 
oldest among the trypanosomes. On the other hand, in the pathogenic 
trypanosomes with an inoculative method of infection (7. vivax, T. congolense, 
T. brucei—group) the adaptation is very imperfect, and the type of parasitism 
peculiar to them has probably evolved later than that of the non-pathogenic 
forms. These relations have been briefly discussed elsewhere (Hoare, 1925). 
The practical importance of the susceptibility of insects to trypanosome 
infections, which serves as an index of their transmissibility, is obvious and 
has been the subject of numerous investigations by Duke (1928). 

The observations recorded above were based upon experimental infections 
in laboratory-bred flies. We can now turn to a comparison of the infection 
rate under these conditions with the incidence of 7’. grayi in G. palpalis under 
natural conditions, and consider the conclusions to be drawn therefrom. 
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From Table II it is seen that the incidence of 7. grayi in the “wild” flies 
(group C), from the vicinity of Entebbe, is from 0 to 32-6 per cent., with an 
average of 11-2 per cent. The infection rate in all the groups of experimental 
flies (A + B) varies from 0 to 74 per cent., the average being 20 per cent. The 
infection rate among the experimental flies would thus appear to be con- 
siderably higher than in the “wild” ones. Allowance should, however, be 
made for the following facts: (1) the above figures include those for flies 
examined during the first few days of infection, when trypanosomes are 
relatively scanty in the gut. In the course of the experiments these stages 
were specially sought for, whereas in the more superficial examination of the 
“wild” flies they could easily be overlooked; moreover, (2) such “wild” flies, 
having fed but recently, would not usually expose themselves to capture. 
It is therefore, justifiable to ignore this group (A) and compare only the 
figures for the remaining experimental flies, 7.e. those with established in- 
fections (group B: 0-17-3-41-0 per cent.), with the incidence in “wild” flies 
(0-11-2-32-6 per cent.). It will now be seen that these two sets of figures 
agree more closely. The actual difference is insignificant and is accounted for 
by the fact that the experimental flies are all known to have fed on infected 
crocodiles, whereas some of the “wild” flies may have failed to do so. From 
the above figures it can be inferred that the incidence of 7’. grayi in G. palpalis 
is practically the same under natural and under experimental conditions. 
Since it is known that all the experimental flies had fed on infected crocodiles, 
it can be concluded that (a) the majority of the “wild” tsetse-flies near 
Entebbe had availed themselves of the opportunity of feeding on crocodiles, 
and (5) the majority of these crocodiles harbour 7’. grayi (cf. p. 464). 

Incidentally, the observations recorded here point to the crocodile as the 
main source of food for G. palpalis in the northern parts of Victoria Nyanza. 
This fact can be deduced not only from the figures discussed above, but also 
from the parasitological relations between the crocodile and the tsetse-fly: 
the fact that this insect acts as the intermediate host of the crocodile trypano- 
some! shows that the association between these animals is of very long 
standing. The question of the normal diet of this tsetse-fly, which has been the 
subject of numerous field observations in the past (for summary see Carpenter, 
1920; Newstead, 1924), can now be regarded as solved on theoretical grounds 
alone’. 


1 There is further evidence—not published yet—that G. palpalis is also the intermediate host 
of the crocodile haemogregarine. 

2 This fact raises a point of practical importance in connection with the measures for the 
prevention of sleeping sickness. One of these is the destruction or reduction of the number of 
tsetse-flies, for which various methods have been suggested. It is conceivable that this end could 
be attained by depriving the flies of an important, and in some cases sole food supply. From this 
point of view it would be worth while to consider the advisability of reducing the number of 
crocodiles, by systematic destruction of their eggs and otherwise (Hoare, 1929a). 
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2. Development and morphology of the trypanosome. 


Reference has already been made to the nature and source of the material 
used in the study of the development and morphology of 7. grayi in the 
tsetse-fly (pp. 451, 458). The life cycle of this trypanosome has been followed 
by me from the earliest stages of infection, and in this respect the account to 
be now ‘given differs from the previous descriptions which were based on 
infections in random flies and were mainly concerned with the morphology of 
T. grayi in established infections. The most important stages of development 
escaped the attention of the earlier observers. 

The entire development of 7. grayi takes place in the alimentary canal of 
the tsetse-fly, an illustration of which is given in Text-fig. 11. 

When the tsetse-fly feeds on an infected crocodile it usually takes up from 
one to half a dozen trypanosomes with the blood. This was established by 
examination of blood films taken immediately after the fly had gorged itself. 
As a full meal of a fly contains about 0-03 c.c. of blood, the maximum number 
of trypanosomes to 1 c.c. of blood in the peripheral circulation of the crocodile 
is probably in the neighbourhood of 200, while in the general circulation it 
must be considerably less (cf. p. 454). This relatively low concentration of 
trypanosomes in the skin capillaries appears, however, to be sufficient to 
ensure the infection of the majority of the flies fed on the crocodile, one or two 
trypanosomes being capable of giving rise to the swarms of flagellates usually 
observed in them. 

(a) Mid-gut phase. During the first few hours following infection the blood 
trypanosomes remain unaltered in the mid-gut of the fly. Observations on 
the earliest stages of the development of 7. grayi are necessarily incomplete, 
owing to the difficulty of detecting the very few parasites present. It was 
ascertained, however, that about six hours after the infecting feed some of the 
trypanosomes are transformed into a new type of flagellate, one of which is 
represented in Pl. XVI, fig. 3. The body of this form is shorter and stumpier than 
that of the blood form. It measures 47 in length and 11, in breadth, and 
bears the same surface markings as the latter. The most interesting feature is 
the position of the kinetoplast which lies at the side of the large nucleus. This 
form probably represents the transitional stage from the blood trypanosome to 
a crithidia. As no other stages could be found at this period I was unable 
to determine the mode of origin of this form, but it is probable that the 
displacement of the kinetoplast takes place in the process of division of the 
trypanosome and not by its actual migration. Evidence of division leading to 
the production of two morphologically distinct stages will be provided later. 

During the first three days following infection the flagellates appear to be 
multiplying intensively in the mid-gut and progressively diminishing in size 
(Pl. XVI, figs. 4-20). The appearance of the flagellates twenty-four hours after 
infection is shown in Pl. XVI, figs. 4-9. Their body at this period is plump and 


1 Drawn by Mr B. Jobling, to whom my thanks are due. 
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irregular in outline; the cytoplasm stains deeply as in the blood forms, and 
the nucleus is somewhat larger than in the succeeding stages. The length of 


the body varies from 22 to 28 and the breadth from 2p to 6y. Both 
crithidial and trypanosome forms are common. At this period the majority 


Text-fig. 1. Diagram of the alimentary tract of the tsetse-fly. (Represented as a longitudinal 
section, showing the right half.) 

of the flagellates either show signs of approaching division or are actually 

dividing. Towards the second and third days there is a very marked increase 

in the number of flagellates present, and a general change in their appearance 

is noticeable (Pl. XVI, figs, 10-20). The bodies become more elongated and their 
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outlines more regular, the parasite assuming the aspect peculiar to the in- 
vertebrate stages of a trypanosome. Multiplication proceeds as before. 

Division in 7’. grayi is unequal, the two daughter individuals invariably 
differing in size and appearance (Pl. XVI, figs. 13-15, 20; Pl. XVII, figs. 23-26). 
These may both be crithidia of unequal size or one becomes a crithidia and the 
other a trypanosome. The ultimate result depends upon the position the 
centrodesmose of the dividing nucleus and the connecting fibre of the dividing 
kinetonucleus assume in relation to each other. If they are parallel (Pl. XVII, 
figs. 23, 47) the resulting products will be two crithidia; if they cross (Pl. XVI, 
figs. 14, 15) one daughter kinetonucleus will be anterior and the other posterior 
to the nucleus, the resulting products of division being a crithidia and a 
trypanosome respectively (Pl. XVI, figs. 15, 17). This type of division is com- 
monly observed in 7’. grayi, and accounts for the variety of forms found in an 
established infection. 

Up to the third day the development of 7’. grayi in the mid-gut is charac- 
terised by rapid multiplication, division forms being predominant. From 
the third day onwards periods of multiplication appear to alternate with 
periods of growth. It is usual to find numerous dividing forms one or two 
days in succession, and practically no signs of division on the following 1-2 
days. During the periods when there is no multiplication the flagellates attain 
their maximum size. The periods of multiplication and growth alternate with 
some regularity between the fourth and fourteenth days. After the fourteenth 
day no special periodicity can be observed, and dividing forms occur in very 
small numbers. It would appear that by the fourteenth day the parasites in 
the mid-gut reach the height of their development in the mid-gut and may 
cease to multiply further in this position, for beginning with this day there is 
an increasing number of infected flies, the mid-gut of which contains no 
flagellates at all. Thus, out of a total of 63 flies examined between the thirteenth 
and thirty-fourth days of infection, 31, or about 50 per cent., had no parasites 
in their mid-gut, the flagellates having all migrated to the hind-gut. 

We can now turn to the morphology of the flagellates in an established 
mid-gut infection, i.e. from the third day onwards. Although the flagellates 
encountered in the mid-gut are represented by a variety of forms, it is im- 
possible to link them up into a series of consecutive stages, since they may all 
occur simultaneously at different times, without any indication of chronological 
succession. Therefore, all that can be done is to describe these forms and 
attempt to account for their origin and mutual relationship. 

The forms most commonly observed in the mid-gut are typical crithidia 
(Pl. XVII, figs. 25, 27, 28, 37, 38, 40), measuring from 16 to 45, in length, 
and from 1» to 4 in breadth. There is a considerable variation in the position 
of the nucleus and kinetoplast in these forms: these elements may be disposed 
on the long axis of the body and widely separated (Pl. XVII, fig. 25), or adjacent 
(Pl. XVII, fig. 37), or lie side by side (as in Pl. XVI, fig. 10). There are also various 
stumpy crithidia (“‘tadpole” forms) (Pl. XVII, figs. 24, 34, 35). One of the most 
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peculiar forms encountered in the mid-gut is what might be termed a filamentar 
crithidia (Pl. XVI, fig. 12; Pl. XVII, fig. 29). These are extremely slender long 
forms, measuring up to 64, in length, with a width just over 0-5. In general 
appearance, when seen alive, they resemble a spermatozoon. Owing to the 
limited space available the nucleus of such forms is drawn out considerably, 
while the kinetonucleus occupies the entire width of the body. The fourth 
important type can be referred to as the crithidiomor phic trypanosome (P1. XVII, 
figs. 31-33, 36, 39). Its general habitus is that of a crithidia, but the kineto- 
nucleus is situated posteriorly to the nucleus, the distance between the two 
varying. Amongst the trypanosome forms there is about the same range in 
dimensions as in the crithidia (15 to 45y x 1-5 — 2-5). Another element 
of variation among the mid-gut forms is presented by the distance of the 
kinetoplast-nucleus complex from the posterior end of the body (cf. Pl. XVII, 
figs. 36, 41 and figs. 27, 33). 

There are thus the following distinct types of flagellates in the mid-gut: (1) 
typical crithidia, (2) stumpy crithidia, (3) filamentar crithidia and (4) try- 
panosomes. As regards the proportion in which these forms occur, the typical 
crithidia are most commonly met with during the growth periods and after the 
fourteenth day of infection, while the stumpy crithidia are more numerous 
during the multiplication periods. As to the trypanosome forms, their number 
varies: sometimes there may be only a few, and at other times they constitute 
about 50 per cent. of the flagellates present. The filamentar forms, which make 
their first appearance on the second day of infection, are always in the minority. 
As the various forms described occur in the mid-gut at all times, it would 
appear that they do not represent definite stages in the life cycle of the parasite, 
but are rather indicative of its polymorphism. Although the significance of 
the different flagellates is unknown, there appears to be sufficient evidence of 
their mode of origin. 

Thus it is obvious that the stumpy crithidia are the products of recent 
division which, as explained above, are always unequal, one being a large 
flagellate, the other a small, stumpy one (cf. Pl. XVII, figs. 23-25). The stumpy 
crithidia ultimately grow into typical crithidia. The trypanosome forms 
originate from unequal division of the type described already (cf. p. 467, and 
Pl. XVI, figs. 14-17). As to the filamentar forms, they can be connected with the 
typical crithidia by intermediate forms (Pl. XVII, figs. 27-29), and are probably 
the result of successive divisions, in the course of which more and more slender 
individuals are produced. Mention must also be made of leishmania forms 
(Pl. XVI, figs. 21, 22) which occur in all parts of the gut at various periods of 
the infection and do not constitute a definite stage of development, but are 
rather by-products, all the flagellates being capable of rounding up under 
adverse conditions (Hoare, 1923). 

(b) Hind-gut phase. We have so far considered the development of 7’. grayt 
in the mid-gut of the tsetse-fly only. The most important part of its life cycle, 
however, takes place in the hind-gut, where the final infective stages are 
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produced. Migration of the flagellates from the mid-gut into the hind-gut can 
be observed from the second day of infection. During the first three days only 
isolated individuals are found in this position, but from the fourth day on- 
wards they establish themselves there in increasing numbers. On reaching 
the hind-gut some of the flagellates become attached to the epithelial lining 
of its walls, while others are free in its lumen. 

The following are the chief varieties encountered in the hind-gut: (1) typical 
mid-gut forms (Pl. XVII, figs. 43-53) ; (2) small crithidia (Pl. X VITI, figs. 54-57, 
60-63, 67-69) and (3) small trypanosomes with a terminal kinetoplast (Pl. XVIII, 
figs. 58, 59, 62, 66, 70, 72). The first two types of flagellates are found in the 
hind-gut from the fourth day onwards, while the small trypanosomes first 
appear after the sixth day of infection. Apparently the flagellates complete 
the mid-gut phase of development at different periods, the “ripe” forms 
gradually establishing themselves and completing their development in the 
hind-gut. There is thus a constant renewal of the stock of flagellates in the 
hind-gut by fresh immigration from the mid-gut, aslongas the supply there lasts. 

The mid-gut forms in the hind-gut evidently represent the recent arrivals. 
These forms are succeeded by small crithidia, measuring from 9-5 to 23 in 
length (including flagellum) and from 1 to 2y in breadth. The predominant 
forms are typical crithidia, but occasionally small “‘filamentar” forms are 
found (Pl. XVIII, figs. 65, 73). Presumably the small crithidia arise from the 
mid-gut forms by a rapid succession of divisions. The trypanosomes are the 
last to appear on the scene (on the sixth day of infection) and increase pro- 
gressively in numbers. These flagellates have the characteristic structure of the 
metacyclic trypanosomes of other species with a contaminative method of 
infection, and constitute the final stage of evolution of 7. grayi in the tsetse- 
fly. On analogy with other known trypanosomes of this type it can be assumed 
that the metacyclic trypanosomes when voided with the faeces of the fly 
serve to infect the crocodile, as was demonstrated in experiments previously 
described (Hoare, 1929). 

The posterior end of the body in the metacyclic trypanosomes is usually 
rounded and the kinetoplast is terminal, lying in the extreme posterior end 
of the body. The length of the free flagellum varies considerably (cf. Pl. XVIII, 
figs. 62, 72). These trypanosomes measure from 12 to 20 in length (including 
flagellum) and from 1-5 to 2-5 in breadth. 

The majority of the hind-gut forms are attached to the walls, sometimes 
in several layers (Pl. XIX, fig. 6), the metacyclic trypanosomes being usually 
found in the innermost layer (Pl. XVIII, fig. 74). It may be noted here that 
occasionally large trypanosomes of the metacyclic type are encountered in the 
hind-gut (Pl. XVII, fig. 53; Pl. XVIII, figs. 70,71); these are, however, very rare. 

(c) General remarks. The complete evolution of 7. grayi is illustrated in 
Text-fig. 2 which represents all the most important stages of its development. 

Special mention should here be made of the kinetoplast (kinetonucleus + 
blepharoplast) of 7’. grayi which is one of its most important differential 


Text-fig. 2. General diagram of the life cycle of 7’. grayt. 
(All the stages are drawn to the same scale.) 


1. Trypanosome in the blood of the crocodile. 
2-5. Early stages of development in the mid-gut of Glossina: 
2. Transitional stage from blood-form (1) to crithidia (53 hours after infection). 
3. Unequal division, leading to formation of small (4) and large (5) crithidia. 
6-12. Later stages of development in the mid-gut of Glossina: 
6. Typical full-grown crithidia. 
7, 8. More slender crithidia, transitional to (9) filamentar crithidia. 
10. Form of division giving rise to two types of daughter-individuals: a crithidia (11) and a 
crithidiomorphic trypanosome (12). 
13-19. Stages of development in the hind-gut of Glossina: 
13. Medium sized crithidia; 
14, 15, 17. Small crithidia, and dividing form (16); 
18, 19. Metacyclic trypanosomes which complete the life cycle of 7’. grayi in the fly and give 
rise to the large trypanosome, (1), when introduced into the crocodile. 
20. Leishmania forms, produced from any stage of development of the flagellate. 
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characters, and allows it to be distinguished easily from the pathogenic try- 
panosomes developing in the tsetse-fly. It is interesting to note that while the 
shape and size of the body and some of its structures (nucleus, flagellum) vary 
within a wide range, according to the stage of development (cf. Pl. XVI, fig. 1 
and Pl. XVIII, fig. 61; also the nuclei in these and Pl. XVII, fig. 29), the 
kinetonucleus remains constant throughout the whole course of development 
of T. grayi. In non-dividing individuals it appears in the form of a rod, with 
rounded edges, and measures + 1p in length. 

In addition to the normal types of flagellates described from the gut, there 
sometimes occur aberrant forms. Thus, on a few occasions anucleate flagel- 
lates (Pl. XVIII, figs. 85, 86) and forms with two nuclei accompanied by a 
single undivided kinetonucleus (Pl. XVIII, fig. 87) were observed; in one fly 
a number of multiple division forms (Pl. XVIII, fig. 88) were seen. 

The nature of the so-called “cysts” described by some of the previous 
authors for 7’. grayi will be fully discussed below (p. 475). 


3. Distribution of the trypanosome in the gut. 

In the account given above it was stated that in the course of its evolution 
T. grayi passed from the mid-gut of the fly to its hind-gut and completed its 
development there. A similar migration occurs in other trypanosomes de- 
veloping in the “posterior station” of their intermediate host (e.g. T'. lewist, 
T. melophagium), but while in the latter the parasites pass directly from the 
mid-gut into the hind-gut and remain there, the migration of T. grayi in the 
intestine of Glossina is much more complicated, owing to the presence of the 
peritrophic membrane. 

The peritrophic membrane (cf. Text-fig. 1) is a thin cylindrical sheath 
which arises from the proventriculus and extends throughout the entire 
alimentary canal, its posterior end being open and suspended in the lumen of 
the hind-gut. A full account of the structure and functions of this organ in 
Glossina was given by Wigglesworth (1929), while additional observations, 
with special reference to its influence upon the distribution of the flagellates 
in the gut, were recorded by myself (Hoare, 1931). 

Since the lumen of the peritrophic membrane is continuous with that of 
the oesophagus, and opens into the hind-gut, any trypanosomes contained 
in the blood ingested by the fly will remain enclosed by the peritrophic mem- 
brane until they are able to reach its open end}. 

We shall now see how the presence of the peritrophic membrane in Glossina 
affects the course of development of 7’. grayi, the only trypanosome in which 
these relations have hitherto been investigated. The data on which the 
following description is based were obtained from sections of the intestines of 
infected flies. The localisation of the trypanosomes in each individual fly was 
plotted on a sketch representing the alimentary canal, and from the results 


1 I have elsewhere (Hoare, 1931) produced evidence for assuming that the peritrophic mem- 
brane is usually intact throughout the greater part of its length. 
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obtained in this way diagrams showing the distribution of the flagellates at 
various stages of the infection were drawn. These are reproduced in Text-fig. 3, 
which illustrates the distribution of 7’. grayi in the intestine of Glossina in 
chronological order of its development, from two to thirty-four days after 
infection. In Plate XIX are given a series of photomicrographs showing the 
exact localisation of the trypanosomes at various intervals of time after 
infection. 

On being taken up by the fly with the blood the trypanosomes pass into 
the lumen of the peritrophic membrane, or the intraperitrophie space of the 
mid-gut. During the first three days they are confined to this region (Text- 
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Text-fig. 3. Diagram showing the distribution of Trypanosoma grayi in the intestine of Glossina 
palpalis in chronological order of its development: from 2 to 34 days after infection of the fly. 
(The flagellates are indicated by dots.) 

LETTERING. mg.=mid-gut. hg.=hind-gut. il.=ileum. col.=colon. rect.=rectum. per.m.= 
peritrophic membrane. Malp.=Malphighian tubes. py. v.=pyloric valve. pr. v.=prorectal 
valve. a.=anus. 


fig. 3 A), and are usually found scattered in small groups (Pl. XIX, fig. 1). As 
multiplication proceeds the flagellates gradually fill up the intraperitrophic 
space of the entire mid-gut (Text-fig. 3 B) and begin to pass into the region 
of the hind gut. On about the fourth day of development the flagellates reach 
the open end of the peritrophic membrane and escaping from it, ascend into 
the extraperitrophic space of the posterior portion of the colon to the wall of 
which they attach themselves. The fact that this attachment is initiated in the 
posterior end of the colon, leaving the anterior regions of the hind-gut free of 
flagellates (Text-fig. 3B; Pl. XIX, figs. 2,3) demonstrates that the peritrophic 
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membrane remains intact for a long distance down the hind-gut, hence the 
flagellates escaping from the intraperitrophic space first of all come in contact 
with and invade the posterior end of the colon. By the sixth day all the flagel- 
lates will have abandoned the intraperitrophic space of the mid-gut and 
passed into the hind-gut (Text-fig. 3 C). 

Apparently the intraperitrophic space of the mid-gut is gradually freed of 
its flagellates towards the sixth day, independently of the stage of development 
they had reached there. Those flagellates which have completed the mid-gut 
phase of their development become attached to the walls of the hind-gut, 
attaching themselves first in its posterior end (Text-fig. 3B). When this 
region is fully occupied by previous arrivals they work their way forwards in 
the extraperitrophic space, into the anterior parts of the hind-gut as far as 
the mid-gut (Text-fig. 3C). At the height of the infection the hind-gut is 
densely packed with free and attached flagellates (Pl. XIX, figs. 3, 6,9). As the 
flagellates in the hind-gut complete their development they are evacuated 
via the rectum. Since the posterior parts of the hind-gut were the earliest 
to be occupied by the parasite, the flagellates found in this region complete 
their development first and the hind-gut is gradually freed of its flagellates, 
beginning from its posterior end (Text-fig. 3 C, D). 

As regards the flagellates which had found their way into the hind-gut 
before completing their mid-gut phase of development—and these appear to 
form the majority—they do not remain in the hind-gut, but on leaving the 
intraperitrophic space return to the mid-gut, this time invading its extra- 
peritrophie space (Text-fig. 3C; Pl. XIX, fig. 4). Between the sixth and eighth 
days of infection the flagellates are seen occupying the extraperitrophic spaces 
of the mid-gut and most of the hind-gut, the posterior portion of the colon 
being free. By degrees as the flagellates in the extraperitrophic space of the 
mid-gut reach the appropriate stage of development they begin to migrate 
back into the hind-gut and attach themselves in its proximal portion, the 
ileum (Pl. XIX, fig. 6), sometimes extending to the anterior part of the colon 
(Pl. XIX, fig. 7). 

After the eighth day of development the flagellates are found in vast 
numbers in the mid-gut, free and attached to the epithelium (Pl. XTX, figs. 5, 8). 
In some flies the infection in the mid-gut persists up to the thirty-fourth day 
(Text-fig. 3 D), while in others (about 50 per cent.) they complete their develop- 
ment and leave the mid-gut much earlier. Flies with an empty mid-gut were 
observed in increasing numbers beginning from the thirteenth day of infection. 
The only part of the gut containing flagellates in such flies is the ileum (Text- 
fig. 3E; Pl. XIX, fig. 9). It is conceivable that ultimately, as the flagellates 
in the ileum complete their development and are evacuated, the fly is entirely 
free of its infection. 

It is thus seen that in the course of its development in the gut of the tsetse- 
fly the distribution of 7. grayi is determined by the presence of the peritrophic 
membrane and involves three successive waves of migration in opposite 
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directions: (1) the intraperitrophic flagellates first migrate backwards, towards 
the rectum; then (2) they leave the peritrophic membrane and migrate 
forwards, into the extraperitrophic space up to and including the mid-gut, and 
finally (3) they again migrate backwards, to the hind-gut. 


4. Review of previous work. 

We shall now turn to a brief review of previous work on 7’. grayi in its 
intermediate host. The views formerly held with regard to its relations to 
vertebrate trypanosomes have already been fully discussed (Hoare, 1929). 
Some of the earliest observations, by Koch (1905, 1905a, 1906), have been 
mentioned above and the confusion of 7’. grayi with T'. gambiense noted (p. 450). 
This author regarded the filamentar forms of 7’. grayi as “male” and the typical 
crithidia as “female” forms. Novy (1906) gave a recognisable description of 
the crithidial forms from the mid-gut. As regards the crithidiomorphic try- 
panosomes (cf. Pl. XVII, figs. 31-33), Novy thought they might belong to a 
distinct species. The most important papers on 7’. grayi are by Minchin and 
his collaborators (Minchin, Gray and Tulloch, 1906, 1907; Minchin, 1908, etc.). 
In 1908 Minchin gave a description of the forms of 7’. grayi found in the mid- 
gut of the tsetse-fly which correspond to those described in the present paper. 
This author also noted the peculiar unequal division in this flagellate, leading 
to the production of morphologically distinct daughter individuals. The inter- 
pretation of the life cycle of 7. grayi given by Minchin was purely speculative, 
since he was not aware of the true nature of this trypanosome and was misled 
by the finding of what he supposed to be its “cysts,” produced in the hind-gut 
of the tsetse-fly. These, he thought, served to disseminate the infection by the 
contaminative method. It may be noted here that the latter term, introduced 
by Minchin, was originally used by him in a different sense to that accepted at 
present, for he assumed that “the cysts pass out with the faeces, are spread 
abroad,” and infect the vertebrate by contaminating its food or drink. “Cysts” 
in 7’. grayi were also described by Roubaud (1912). The findings of Minchin 
and Roubaud were critically examined by me in a previous publication 
(Hoare, 1929) and will be dealt with fully in the next section. Minchin also 
suggested that the “slender forms” of 7. grayi (= my “‘filamentar” forms) 
served to propagate the infection by the inoculative method, through the bite. 
Neither of these views are tenable at present. 

In a later work, after he had elucidated the life cycle of 7’. lewisi, in which 
cysts do not occur, Minchin (1912) appeared to realise that there was a difli- 
culty in accounting for the “cysts” of 7’. grayi, which he was now inclined to 
regard as the insect phase of a vertebrate trypanosome. He then suggested 
that “the cysts in question may be part of the cycle of a distinct flagellate 
parasite, perhaps peculiar to the fly alone.” The work of Kleine and Taute 
(1911) added little to the existing knowledge of 7. grayi. They still regarded 
the typical crithidia as females and the filamentar ones as males (to which 
Kleine later, in 1919, referred to as “Mikrogameten?”). These authors were, 


¥ 
ho 
de 
ta 
ca 
al 
0 
II 
a 
y 
g 
e 
] 
4 
= 


ls 


Crcit A. HoaRE 475 


however, unable to find any “cysts.”” Lloyd and Johnson (1924, 1925) 
described crithidial, filamentar and trypanosome forms of 7. grayi from G. 
tachinoides and believed that the development of this flagellate was confined to 
the mid-gut. Quite recently Prates (1928) mentioned briefly that the “‘so- 
called metacyclic forms of 7’. grayi are found. ..in the posterior extremity of 
the gut,” but gave no description of this stage. 

All the works mentioned above were based on the examination of a small 
number of “wild” tsetse-flies with established infections of unknown duration. 
In most of them only the mid-gut forms are described, only Minchin, Roubaud 
and Prates having referred to flagellates in the hind-gut. The interpretation 
of the evolution of 7’. grayi, based on such insufficient data, was in all cases 
incorrect, while the greatest confusion was created by the introduction of 
“cysts” into the life cycle of this trypanosome. It must be noted here that 
although the peritrophic membrane in Glossina had been known for many 
years (Stuhlmann, 1907) it was entirely ignored by all the previous investi- 
gators, whether working with 7’. grayi or the other trypanosomes developing 
in the tsetse-flies. Its relation to the life cycle of other Trypanosomidae was 
established by Chatton and his collaborators (cf. Chatton, 1920, and Hoare, 
1931). 

Apart from Glossina palpalis, flagellates described as 7. grayi have been 
recorded from the following tsetse-flies: G. brevipalpis (Bruce et al. 1915, 
Uganda), G. tachinoides (Lloyd and Johnson, 1924, Nigeria), and possibly 
G. fusca (Koch, 1905, East Africa), while none were found in G. morsitans 
(although 4800 were examined for this purpose by Lloyd, Johnson, Young and 
Morrison, 1924, in Nigeria). The species in which grayi-like trypanosomes were 
found all occur near water and presumably come into contact with the croco- 
dile, whereas G. morsitans is a typical bush-fly. While it is possible that some 
or all the flagellates referred to are 7. grayi, this has not been definitely 
established. 


5. The question of cysts in T. grayi. 


There is a close parallelism in the history of the investigations on 7’. grayi 
and 7’. melophagium. In both cases the trypanosomes were originally found 
in the insect hosts only, and for many years they were regarded as specific 
to the tsetse-fly and sheep ked respectively. One of the most important 
arguments advanced in favour of 7’. melophagium being an insect flagellate 
was the alleged presence of “‘cysts” in the hind-gut of the ked. In the course 
of my investigations on the crithidia of the ked, when its identity with the 
sheep trypanosome was established (Hoare, 1923), I demonstrated that the 
structures regarded by previous authors as “‘cysts” were actually artifacts, 
and made the following statement with regard to the “cysts” of T. grayi: 
“A parallel case is, in my opinion, presented by the stages of ‘encystation’ of 
T. grayi described by Minchin (1908). His figures and description, if compared 
with mine [of 7’. melophagium] leave no doubt as to the origin of his cysts,” 
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(l.c. p. 399). This prediction has been fulfilled and I am now in a position to 
substantiate the statement made eight years ago. 

Amongst the tsetse-flies infected with 7’. grayi, Minchin (1907, 1908) found 
one in the hind-gut of which the flagellates appeared to him to be encysting, 
The process, from the beginning to the final production of “cysts,” was 
described in great detail. According to the author, the cyst wall which makes 
its appearance as a cap round the posterior end of the flagellates is gradually 
secreted more and more forwards until it envelopes the entire body. In the 
meantime the flagellate loses its flagellum, then becomes pear-shaped, and 
finally assumes an oval or round shape. ‘“ While the process of encystation is 
going on, noteworthy changes are taking place in the nuclei. The tropho- 
nucleus becomes resolved into chromidia....At the same time the kineto- 
nucleus diminishes in size, apparently also as the result of fragmentation... . In 
the ripe cysts the kinetonucleus seems to disappear completely” (Minchin, 
1908, p. 197). “‘The substance of the cyst wall appears to be made up of 
distinct masses or grains of the red-staining substance [with Giemsa’s stain], 
between which is a more fluid matrix....The term ‘Schleim-cysten,’ applied 
by Prowazek to the cysts of Herpetomonas, appears suitable for the present 
case also, as the frequency with which burst or damaged cysts are met with 
indicates that the substance of the cyst-envelope is of a soft nature” (l.c. 
p. 196). A number of figures are given purporting to illustrate all the stages 
of encystation. These figures considered in conjunction with the description 
reveal some remarkable features. In the first place, there is a great variation 
in the thickness of the “cyst wall,” which is very irregular in shape; secondly, 
in the majority of individuals it appears like a halo, without distinct margins 
and gradually fades away ; thirdly, in spite of its thickness, the “wall” does not 
envelope the body of the parasite, but forms only a frame around it; and lastly, 
the nucleus and kinetoplast show such obvious evidence of bad fixation that 
it is difficult to understand how so careful an observer as Minchin could have 
interpreted the changes seen in these structures as normal. 

Roubaud (1912) who confirmed Minchin’s finding observed “cysts” in 
thirteen flies. Both he and Minchin attached considerable importance to their 
discovery. The finding of a single case of “‘encystation” served as the basis for 
Minchin’s views on the contaminative method of infection mentioned above 
(p. 474) and was his chief argument advanced in support of the descent of the 
trypanosomes from intestinal flagellates of vertebrates (Minchin, 1908)!. The 
alleged presence of “cysts” in 7. grayi caused Roubaud (1912) to transfer this 
flagellate to his genus Cystotrypanosoma. 

The structures described by Minchin as “cysts” were encountered by me in 
preparations of the hind-gut of several tsetse-flies. The preparations in question 
were fixed dry and stained with Giemsa’s solution. They were so obviously 
defective that, had it not been for the fact that they provided a perfect repro- 


1 It is not generally known, however, that this hypothesis was later abandoned by Minchin 
(1914) in favour of Léger’s views on the evolution of this group. 
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duction of Minchin’s “cysts,”’ they would have been discarded as “bad slides.” 
Some of these structures are shown in Pl. XVIII, figs. 75-84; they bear a close 
resemblance to those figured by Minchin. An examination of these preparations 
leaves no doubt that the appearance of cysts is produced by the accumulation 
of the stain and débris around various forms of the flagellate present, as in the 
case of 7’. melophagium. In some parts of the preparation groups of flagellates 
are seen against a background of stain (Pl. XVIII, fig. 75) which partially or 
entirely surrounds their body. At the edges of the accumulation of stain are 
found flagellates which have become detached from the general mass with 
small patches of stain adhering to their body (Pl. XVIII, figs. 76-84). It is these 
patches of stain which Minchin interpreted as the “cyst-wall.” In some 
cases the stain is adherent to the posterior end of the elongated flagellate only 
(Pl. XVIII, figs. 83, 84); in others, it surrounds the greater part of the body, 
leaving the anterior end free (Pl. XVIII, figs. 76, b, d; 77), or it encloses the en- 
tire body (Pl. XVIII, figs. 76,c,e; 79-82). In short, the stain may collect around 
the parasites in every conceivable manner, and when examined in the order 
described they might be interpreted as successive stages of encystation. Some 
of the rounded forms are surrounded by a thin layer of stain and granules, 
imitating cysts more closely (Pl. X VIII, figs. 80, 81). In every case, as described 
by Minchin and as was to be expected under the circumstances, the stain does 
not envelop the parasite entirely, but is deposited around the body in the form 
of a frame, disposed in one plane. As to the “‘encysted” flagellates themselves, 
they show evidence of imperfect preparation, the bodies being flattened and 
distorted and their outlines irregular. In the majority, however, the nucleus 
and kinetoplast were in a better state of preservation than Minchin’s specimens. 

I have very rarely come across pseudocysts of 7. grayi in the mid-gut of 
the fly. The reason why the stain appears to accumulate more readily around 
the parasites in the hind-gut may be due to some peculiarities in the physico- 
chemical conditions obtained in this region. It is also possible that the body 
of the hind-gut forms of the flagellate is more viscid than in the mid-gut and 
particles adhere more readily to it. Whatever the explanation might be, there 
can be no doubt that the pseudocysts are produced as the result of faulty 
technique, since they were never found in well stained dry preparations, nor 
in wet-fixed material, whether in smears or in sections. 

It may be noted here that there is no satisfactory evidence in the whole 
literature on the Trypanosomidae of the existence of a visible cyst wall around 
so-called “cysts.” Such structures, always very polymorphic, were described 
only from dry-fixed films stained by one of the Romanowsky methods, and 
never in preparations treated by wet fixation. 


\V. AFFINITIES AND CLASSIFICATION OF 7. GRAYI. 
The trypanosomes can be divided into the following two main groups, 
according to the type of development in and method of transmission by the 
intermediate (invertebrate) host. 
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A. Forms in which the final stages develop in the posterior station (hind- 
gut) and infection of the vertebrate is effected by the contaminative method, 
through the faeces (the non-pathogenic mammalian trypanosomes, 7’. cruzi, 
etc.). 

B. Forms in which the final stages develop in the anterior station (proboscis 
or salivary glands) and infection of the vertebrate host takes place by the 
inoculative method, through the bite (the pathogenic mammalian trypanosomes 
transmitted by blood-sucking insects and trypanosomes of aquatic vertebrates 
transmitted by leeches). 

For brevity these two groups will be referred to as A and B respectively. 

T. grayi has all the characteristics, morphological and developmental, of 
group A, and is the first trypanosome of cold-blooded vertebrates for which 
the contaminative method of infection has been established. The life cycle and 
stages of development of 7. gray: in the tsetse-fly are similar to those of 
T. lewisi, T. melophagium, T. theodori sp.n.,1 and T.. cruzi in their respective 
insect hosts, differing only in some details. 

Thus, 7’. lewist undergoes an intracellular multiplication in the flea and 
the prevalent type of flagellate in the mid-gut has the trypanosome structure, 
In 7. melophagium and T. theodori, on the other hand, the mid-gut phase is 
composed mainly of typical crithidia. T. grayi occupies an intermediate 
position, for the crithidial and trypanosome forms appear to be equivalent in 
that part of its evolution which is passed in the mid-gut of the tsetse-fly. The 
course of development of 7’. grayi, is however complicated by the presence of 
the peritrophic membrane in Glossina. As regards the hind-gut phase of 
development of the trypanosomes belonging to group A, it is the same in all 
the species named: the mid-gut forms are transformed into small crithidia, 
and these give rise to metacyclic trypanosomes. All these trypanosomes are, 
moreover, characterised by unequal division. 

The vertebrate stages of the trypanosomes of group 4 also have many 
characters in common, distinguishing them from those of group B. Their 
chief differential character is the position of the kinetoplast. This is usually 
terminal (in the posterior end of the body) in species of group B, while in those 
of group A it is situated at some distance from the posterior end, nearer to the 
nucleus. 

While the blood forms of 7’. grayi show a general resemblance to trypano- 
somes of group A, and especially to the large forms, such as 7. melophagium, 
T. theileri and the antelope trypanosomes known as 7’. ingens, it differs from 
the mammalian species in the position of the kinetoplast and in the degree of 
development of the undulating membrane. The kinetoplast of 7’. grayi is very 
close to the nucleus (Pl. XVI, figs. 1, 2), whereas in the species named it lies 


1 I propose this name for the trypanosome of the goat, the life cycle of which, in Lipoptena 
caprina, was described by Theodor (1928). This parasite appears to be sufficiently well charac- 
terised to merit a separate name, even if it is provisional. The adoption of a definite name is, 
moreover, convenient for purposes of reference. 
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about half way between the nucleus and the posterior end of the body. As to the 
undulating membrane, in the crocodile trypanosome it is strongly developed 
and forms a regular frill along the edge of the body, while in the mammalian 
trypanosomes it is only slightly undulated. The structure of the vertebrate 
form of 7’. grayt is, however, very similar to that of some of the large trypano- 
somes of land reptiles and amphibia. In fact, it is almost indistinguishable 
from 7’. mega, described by a number of authors from African toads and frogs. 
This parasite measures from 72 to 105, in length, and its kinetoplast lies 
at a distance varying from 0 to 2-5 from the nucleus (for further particulars 
see Franga, 1925). A similar form, 7’. primeti, occurs in a snake, Tropidonotus 
piscator. T. grayt also resembles 7. varani, from African monitors, but the 
latter is smaller. The actual degree of affinity between those trypanosomes 
and 7’. grayi remains obscure, since nothing definite is known regarding the 
invertebrate stages of their development. 

Some evidence was produced, however, that 7’. varani is capable of de- 
veloping into forms similar to 7. grayi in sandflies (Taylor, 1929) and in 
tsetse-flies (Lloyd, Johnson, Young and Morison, 1924). The last-named authors 
have also succeeded in infecting tsetse-flies from the toad, Bufo regularis, 
which harbours a trypanosome similar to 7’. varani!. It is thus possible that 
the trypanosomes mentioned will eventually prove to have a life cycle com- 
parable with that of 7. grayi. 

To sum up the position, 7. grayi belongs to the same group as the non- 
pathogenic mammalian trypanosomes developing in the posterior station of 
the invertebrate, with which it agrees in its structure and life cycle. Its blood 
forms, however, differ from the latter in the disposition of the kinetoplast and 
in the stronger development of the undulating membrane. On the basis of 
this difference the group of trypanosomes sometimes referred to as the “lewis: 
group” can be subdivided as follows: 

A. Trypanosomes which develop in the posterior station in the inverte- 
brate: 

(1) Trypanosomes of mammals. Type: T. lewisi (I. melophagium, T. 
theodort, T. theileri, T. ingens, cruzi, etc.). 

(2) Trypanosomes of land reptiles and amphibia. Type: 7. grayi (T'. varani, 
T. primeti, mega, etc.®). 


1 In the original publication the trypanosome is said to be of the 7’. rotatorium type. I had 
the opportunity of examining one of the original blood-films from the toad, now in the collection 
of Dr C. M. Wenyon, and found that the trypanosome present is similar to 7’. varani. 
* This grouping introduces the following modification in the classification adopted by Wenyon 
oo p. 458): the trypanosomes of land reptiles (group B, IV) can now be transferred to group 4, 
(III). 
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VI. Summary. 


An account is given of the life cycle and morphology of 7. grayi in the 
crocodile (Crocodilus niloticus) and in the tsetse-fly (Glossina palpalis). The 
immunological relations of this trypanosome to its hosts and its affinities to 
other species are also dealt with. 

T. grayt belongs to the group of trypanosomes developing in the posterior 
station of the invertebrate host and transmitted by the contaminative method 
(“‘lewisi group”’). 

T.. grayi occurs in very small numbers in the crocodile and is concentrated 
chiefly in the peripheral circulation of the skin (about 200 parasites per 1 ¢.c. 
of blood). It is one of the largest trypanosomes, the blood forms measuring 
up to 91 p. 

When fed on an infected crocodile the tsetse-fly takes up not more than 
about six trypanosomes. These cOmmence their development in the mid-gut, 
giving rise to crithidial and trypanosome forms, and later extend to the hind- 
gut where their evolution is completed and the infective metacyclic trypano- 
somes are produced. These, when voided with the faeces, serve to infect the 
crocodile per os. 

Since the incubation period of 7. grayi in the crocodile is about four days, 
this is the time required for the small metacyclic trypanosomes to develop 
into the large blood forms. 

The distribution of 7’. gray in the gut of the fly in the course of its develop- 
ment is determined by the presence of the peritrophic membrane and involves 
three successive waves of migration in opposite directions: (1) From the 
intraperitrophic space backwards, into the colon, thence (2) forwards into the 
extraperitrophic space up to and including the mid-gut; and finally (3) they 
again migrate backwards, to the hind-gut. (Diagrams of the life cycle and 
distribution of 7’. grayi in Glossina are given in Text-figs. 2 and 3.) 

Evidence is produced to show that the so-called ‘“‘cysts” of T. grayi 
described by previous authors are really artifacts. 

Apparently the majority of crocodiles in Victoria Nyanza harbour 7’. grayi. 
The trypanosome has no harmful effect upon the crocodile and it was proved 
that the infection can persist for more than two years. 

The crocodile appears to possess a natural partial or tolerance immunity 
against 7’. grayi, which does not protect it from invasion by the parasite, but 
maintains its numbers at a constantly low level. 

The infection rate in the experimental tsetse-flies is very high (average 
61 per cent.) in the early days of infection, but later falls to an average of 
17-3 per cent. The majority of the flies, originally fully susceptible to infection, 
appear to acquire an immunity after the fifth day. 

The average degree of infection in “wild” flies is 11-2 per cent. This com- 
pares closely with that in the experimental flies. Hence it is inferred that the 
majority of these flies had fed in nature on infected crocodiles. 
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T. grayi is closely allied to trypanosomes of the ‘‘lewist group” and to 
some of the trypanosomes of land reptiles and amphibia. On the strength of 
the difference existing between these two groups of trypanosomes, some 
modification in the accepted classification of these species is introduced. 

A name, 7’. theodori sp.n., is proposed for the goat trypanosome described 
by Theodor (1928). 
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EXPLANATION OF PLATES XVI—XIX. 


PLATE XVI. 
All the figures in Plates X VI-X VIII, represented at a magnification of x 2000, were drawn with 
the aid of a camera lucida, from preparations stained with Giemsa’s solution. 
Figs. 1, 2. Trypanosoma grayi: forms from the blood of crocodiles; an erythrocyte, the long 
diameter of which measures 18», is shown for comparison. 


Figs. 3-20. Mid-gut forms. 

Fig. 3. 7’. grayi from the mid-gut of Glossina palpalis, 54 hours after feeding on infected crocodile, 
showing contraction of the body and replacement of the kinetoplast forwards (transition 
from blood form to crithidia). 

Figs. 4-9. 7’. grayi from the mid-gut of Glossina, 24 hours after the infecting feed, showing 
dividing forms (4, 5), large crithidia (6, 7, 9) and a “tadpole” form (8). 

Figs. 10-12. 7. grayi from the mid-gut of Glossina, 2 days after the infecting feed, showing 
typical (10, 11) and “‘filamentar” (12) crithidia. 

Figs. 13-17. 7. grayi from the mid-gut of Glossina, showing stages of unequal division (13-15), 
resulting in the production of a crithidial (17) and a trypanosome (16) forms. 

Figs. 18-20. 7’. grayi from the mid-gut of Glossina, 3 days after the infecting feed: large crithidia 
(18, 19) and a dividing form (20). 

Figs. 21, 22. 7’. grayi: leishmania forms from the hind-gut of Glossina. 


PLATE XVII. 
Figs. 23-42. Mid-gut forms. 

Figs. 23-26. 7’. grayi from the mid-gut of Glossina, 5 days after the infecting feed, showing 
forms dividing unequally (23, 26), and two different types of crithidia (24, 25), which probably 
result from such division. 

Figs. 27-29. 7’. grayi from the mid-gut of Glossina, 6 days after the infecting feed, showing 
transition from the typical crithidia (27) to the “‘filamentar” form (29), the intermediate 
stage being represented in fig. 28. 

Fig. 30. 7’. grayi from the mid-gut of Glossina, 7 days after the infecting feed: small crithidia. 

Figs. 31-33. 7’. grayi from the mid-gut of Glossina, 17 days after the infecting feed: crithidio- 
morphic trypanosomes. 

Figs. 34-42. 7’. grayi from the mid-gut of Glossina, 25 days after the infecting feed: Figs. 37, 38, 
40-42—-various types of crithidia; figs. 34-36, 39—-short crithidia and trypanosome forms. 

Figs. 43-53. Hind-gut forms. 

Figs. 43-48. 7’. grayi from the hind-gut of Glossina, 7 days after the infecting feed: crithidia and 
trypanosome forms of the mid-gut type (fig. 44 represents a trypanosome of the metacyclic 
type). 

Figs. 49-53. 7’. grayi from the hind-gut of Glossina, 10-11 days after the infecting feed: crithidia 
(49, 50) and crithidiomorphic trypanosomes (51, 52) of the mid-gut type; Fig. 53—large 
trypanosome of the metacyclic type. 


PLATE XVIII. 
Figs. 54-84. Hind-gut forms. 

Figs. 54-73. 7’. grayi from the hind-gut of Glossina: Figs. 54-59—13 days after the infecting feed: 
small crithidia (54-57) and metacyclic trypanosomes (58, 59). Figs. 60-64—18-—19 days after 
the infecting feed: small crithidia (60-63), transitional crithidiomorphic trypanosome (64) 
and metacyclic trypanosome (62). Figs. 65-73—22-23 days after the infecting feed: small 
crithidia (one dividing) (67-69), small “‘filamentar” crithidia (65, 73), large trypanosomes 
of the metacyclic type (66, 70, 71) and metacyclic trypanosome (72). 

Fig. 74. 7. grayi: section through the ileum of Glossina, showing metacyclic trypanosomes and 
transitional crithidia attached to the wall: 18 days after the infecting feed. 
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Figs. 75-84. 7’. grayi from the hind-gut of Glossina. Stages of formation of pseudocysts (the 
Minchin-Roubaud “cysts”). Fig. 75—First stage: accumulation of stain (Giemsa) around 
group of flagellates; Fig. 76—Second stage: isolated flagellates with irregular masses of stain 
adhering to the body; Figs. 77-84—Third stage: stain and débris adhering to the various 
forms of flagellates simulating cysts. 

Figs. 85-88. Aberrant forms of 7’. grayi from the gut of Glossina: anucleate forms (85, 86), non- 
dividing binucleate form (87), multiple irregular division (88). 


PLATE XIX. 

Photomicrographs of sections through the alimentary canal of Glossina palpalis infected with 
Trypanosoma grayi. 

Lerrerina. bl. =mass of ingested blood. col. =colon (middle portion of hind-gut). e.p.=extra- 
peritrophic space (outside peritrophic membrane). il.=ileum (anterior portion of hind-gut). 
i.p.=intraperitrophic space (enclosed by peritrophic membrane). Malp.=Malpighian tubes (at 
junction with ileum). mg.=mid-gut. per.m.=peritrophic membrane. sp.=spines on wall of 
hind-gut. tr.=flagellates (7'. grayi). 

Fig. 1. Transverse section through mid-gut, four days after infection of the fly, showing clump of 
flagellates (tr.) in the intraperitrophic space. 

Fig. 2. Longitudinal section through junction of mid-gut (mg.) and hind-gut (il.), with opening 
of Malpighian tube on one side. Five days after infection. Flagellates absent in ileum. 

Fig. 3. Transverse section through colon, four days after infection, showing flagellates (ér.) 
attached to the wall; part of these have become detached during preparation exposing the 
chitinous spines (sp.) on the wall. 

Fig. 4. Transverse section through mid-gut, six days after infection, showing mass of semi- 
digested blood (b1.) in the intraperitrophic space (i.p.) and flagellates lying free in the extra- 
peritrophic space (e.p.) (between the peritrophic membrane and the gut-epithelium). 

Fig. 5. Oblique section through mid-gut, fourteen days after infection, showing flagellates (ir.) 
in the extraperitrophic space, free and attached to the epithelium. 

Fig. 6. Longitudinal section through junction of mid-gut (mg.) and hind-gut (i.), with opening 
of Malpighian tubes, fourteen days after infection, showing masses of flagellates (tr.) attached 
to the walls of the ileum. 

Fig. 7. Transverse section through anterior part of colon, eighteen days after infection, showing 
flagellates (tr.) attached to the walls. 

Fig. 8. Transverse section through mid-gut, twenty-three days after infection, showing masses of 
flagellates (tr.) in the extraperitrophic space. 

Fig. 9. Longitudinal section through ileum (il.) and colon (col.), twenty-three days after infection, 
showing masses of flagellates (tr.) attached to the walls of the ileum, but not extending into 
the colon. 


(MS. received for publication 20. vir. 1931.—Ed.) 
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ON A NEW SPECIES OF IXODES (IX. HYDROMYIDIS) 
FROM WESTERN AUSTRALIA 


By D. C. SWAN, B.Sc. 
Hackett Research Student in Zoology in the University of Western Australia. 


(With 1 Figure in the Text.) 


Durine the early years of this century, several new species of ticks were 
described from Western Australia, but since then the group has been neglected, 
with the result that no species have been added since 1909. In the course of 
some recent studies of the local ticks, an undescribed species of the genus 
Ixodes was obtained, of which a description is now given. 

From the form of the capitulum it falls into a characteristic group of 
Australian members of the genus, having the first palpal article ensheathing 
the mouthparts basally, and which includes Ixodes tasmani Neumann 1899, 
I. australhensis Nn. 1904, and I. victoriensis Nuttall 1916. From J. austra- 
liensis it is clearly separated by a number of details, but those separating it 
from the two remaining species are less marked. The character of the scutum, 
of the hypostome dentition, and of tarsus IV are the most useful. 

The first specimens of this tick were made available for study by the 
Curator of the Western Australian Museum, Perth, Mr L. Glauert, to whom 
my thanks are due, both for this and other assistance in the study of the group. 


Genus Ixopgs Latreille 1796. 


Ixodes hydromyidis n.sp. 

Male. Unknown. 

Female (unfed): Body elongate-oval, reddish, the scutum, capitulum and 
legs being yellow. Length of body (excluding capitulum) 3-6 mm.; width 
2-0 mm. Integument transversely striated, with short, fine, irregularly placed 
hairs. Scutum (Fig. 1 left) longer than broad (0-8 x 0-72 mm.); widest slightly 
before the middle; antero-lateral borders straight, divergent, with rounded 
lateral angles, and with slightly emarginate postero-lateral borders merging 
with the rounded posterior border. Cervical grooves superficial, at first 
converging, then diverging and almost reaching the postero-lateral scutal 
borders. Scutum smooth, with a few fine scattered punctations. Dorswm 
without trace of marginal groove. Median and postero-lateral grooves well 
marked, the latter extending forward as discontinuous depressions almost to 
the scutum. Venter (Fig. 1 right), vulva facing antero-internal angle of coxa III. 
Sexual grooves long, diverging gently; anal grooves parallel, rounded an- 
teriorly. Spiracles reddish, sub-circular (Fig. 1 left). Capitulum (Fig. 1 top) 
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Fig. 1. Ixodes hydromyidis n.sp. 2. Capitulum in dorsal and ventral aspect, scutum, spiracle, 
tarsus I and IV, ventral aspect of whole tick. (D.C.S. del.). 
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short (0-5 mm. long), but widened by the enlargement and fusion with it of 
the first palpal article on each side and its large wing-like postero-lateral 
projection. Porose areas superficial, easily seen only in mounted preparations. 
Basis capituli triangular. Palps flattened distally, widely separated at their 
bases; the articulation between articles II and III obsolete; article I sur- 
rounding the hypostome and chelicerae basally. Hypostome short, club- 
shaped, with 3|3 files of 7-9 teeth, becoming 2|2 basally. Legs fairly long, 
slender. Coxae with trenchant posterior margins; trochanters unarmed, tarsi 
fairly long, tapering abruptly. Tarsus I four times as long as broad, tarsus IV 
slightly more than four times as long as broad. Claws short, pad almost 
reaching their extremity. 

Nympu. Differs but slightly from 9. Length (excluding capitulum) 
1-51 mm.; greatest width (at 4th coxae) 0-95 mm. Scutum broader than long 
(0-36 x 0-45 mm.) but of similar form to 9. Capitulum as in 2 but hypostome 
dentition 2|2 with 7 teeth on each file. Postero-lateral projection of basal 
article of palp present. 

Description based on three unfed 9? taken from a water rat (Hydromys 
fuliginosus Gould) at Mundaring Weir, Western Australia 10. vi. 1930 (L. 
Glauert coll.) and one 2 and one nymph from Rattus rattus, Kalamunda, 
Western Australia 29. v. 1931 (D. C. Swan coll.). This was trapped on the 
banks of a stream some miles from human habitation, a riparian habitat such 
as that of Hydromys being commonly selected by feral specimens of this rat. 

The types (two) will be placed in the custody of the Western Australian 
Museum, Perth, Western Australia, and one co-type will be retained by me in 
addition to the type nymph. The dimensions of the Kalamunda specimen (9) 
are: capitulum 0-5 x 0-68 mm.; body 2-0 x 3-7 mm.; scutum 0-85 x 0-71 mm. 

The accompanying figures were drawn by me with the aid of an Abbe- 
Zeiss camera lucida. 
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PEDICULUS (PARAPEDICULUS) ATELOPHILUS 
EWING 1926 FROM THE RED SPIDER 
MONKEY, ATELES GEOFFROYI 


By E. HAROLD HINMAN}. 


(With 2 Figures in the Text.) 


In September, 1930, Dr E. C. Faust brought back from the Coto Region of 
Northern Panama two young female spider monkeys (Ateles geoffroyi). On 
December 11th one of these died from an experimental infection of Strongy- 
loides stercoralis, and at autopsy was found to be very heavily infested with 
lice. Previous to this date the monkey had been handled a number of times 
but no lice noticed, although the two monkeys had frequently been observed 
carefuily examining each other for external parasites. It is believed that the 
subsequent separation of the two (November 22nd) combined with the victim’s 
illness allowed the lice to multiply at a prodigious rate. The hairs practically 
all over the body were found to bear nits, frequently as many as three or four 
per hair. Only a few lice have ever been found on the other monkey in spite 
of several careful examinations. . 

A search of the literature showed that the only species of Pediculus re- 
corded from Ateles geoffroyi was P. (Parapediculus) atelophilus described by 
Ewing in 1926 from a single male specimen. This author also obtained nits 
from skins of this species of monkey from several sources. 

The writer identified the lice as belonging to Ewing’s species and this 
identification has since been confirmed by Dr Ewing. The material was studied 
either in alcohol or mounted in glycerine in hollow ground slides to prevent 
distortion, or specimens as opaque objects. Camera lucida drawings were 
made under a binocular microscope. 


PEDICULUS (PARAPEDICULUS) ATELOPHILUS Ewing. 
1926 Pediculus (Parapediculus) atelophilus Ewing, Proc. U.S. Nat. Mus. 68, Art. 19, p. 9. 


Egg. The nits (Fig. 1) are glued to the hairs with the operculum directed 
to the distal end of the hair (as in P. humanus, Nuttall, 1917, p. 121). Several 
eggs may be glued to the same hair and in certain cases one egg may be glued 
to two or more hairs. The operculum, when viewed from above, is seen to 
consist of 10-14 hexagonal cells. The base of the egg has a characteristic 
stalked appearance. The average length of the egg, including the operculum, 
is 0-9 mm., its maximum width is 0-45 mm. The cement extends along the 


1 National Research Fellow in the Biological Sciences. From the Parasitology Laboratory, 
Department. of Tropical Medicine, Tulane Medical School, New Orleans, La. 
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hair for a considerable distance—frequently a distance greater than the length 
of the egg. 

The first stage larva. (Fig. 1) is very similar to that of P. humanus, it being 
very doubtful if the two species can be separated with any degree of certainty 
in this stage (see Keilin and Nuttall, 1930). The length of the tarsal bristles 
and shape of head may be slightly different, as well as the position of a few 
bristles, yet it is very questionable whether these characters are constant 
enough to be of specific significance. 


Fig. 1. Pediculus (Parapediculus) atelophilus Ewing. Egg on hair and first stage larva. 


Female. The form of the head is indicated in Fig. 21; the head is about 
as long as the antennae. The ratio of the length of each antennal segment to 
its width is as follows: segment I—0-6; segment II—1-7; segment IIJ—1-2; 
segment IV—1-1; segment V—1-7; segment II being the longest is followed 
in descending order by V, III, IV, I. The thorax is heavily chitinised, with 
spiracles of moderate size. Macrochaetae of thorax are of about equal length. 
Each tarsus has a conspicuous lamella with a characteristic claw-like pro- 
tuberance. Abdomen with well chitinised pleural plates, certain of these 

1 The writer is pleased to acknowledge his indebtedness to Dr H. A. Kreis for the drawing 


of the egg and adult female and to the Army Medical Museum for making a photostat of the 
drawing of the female. : 
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having the lateral lobes characteristic of the sub-genus Parapediculus Ewing 
and probably providing the best specific characteristic (see Fig. 2 to right), 
the lateral expansions being most pronounced on numbers III and IV. Pleural 
plate I, the smallest, is rectangular; II is squarish; III and IV are distinctly 
lobed; IV is the widest; V is the longest not distinctly lobed; VI is longer 


mm. 
B 


Fig. 2. Pediculus (Parapediculus) atelophilus Ewing. Female in dorsal aspect (muscles, etc. 
partially seen by transparency) and pleural plates of female. 


than broad and VII is somewhat squarish, lacking a spiracle. Abdominal 
setae are rather inconspicuous (except on last two segments) and the majority 
are arranged in three transverse rows per segment, with setae irregularly placed ; 
the middle row being composed of longer setae intermingled with shorter ones. 
Last two segments have long bristles. Length 2-95 mm. (maximum 3-1 mm.); 
maximum width 1-35 mm., (maximum 1-5 mm.). 

Type host: Ateles geoffroyi. 

Type locality: Panama (?). 
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Autotypes in U.S. National Museum and Parasitology Laboratory, De- 
partment of Tropical Medicine, Tulane Medical School, New Orleans, La. 

It will be noted from Fig. 2 that the shape of pleural plate I in the female 
differs from that figured for the male by Ewing (1926). Moreover a number of 
males were found by me to have an average length of 2-15 mm. and an average 
greatest width 0-85 mm. 
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GILL TREMATODES FROM SOME 
AUSTRALIAN FISHES 


By FLORENCE V. MURRAY. 
From the Department of Zoology, University of Melbourne. 
(With Plates XX-XXII and 1 Text-figure.) 


Durine recent years numerous forms of ectoparasitic trematodes have been 
discovered on the gills and body surface of fishes in Australia. Their descrip- 
tions have been published in papers by Johnston and Tiegs (1922), Miss Kent 
Hughes (1928), and Johnston (1930). For the relevant literature on similar 
forms from other regions these papers may be referred to. 

In the present paper nine new forms are recorded, with one exception from 
Southern Australian waters; the distribution of several forms hitherto described 
from Queensland is now extended to Southern Australia; and a more detailed 
account of one form is given, rendered possible by the examination of living 
material. 

To Dr O. W. Tiegs, under whose direction this work was carried out, I wish 


to express my sincere thanks for his assistance and interest. 


Family GYRODACTYLIDAE. 
Genus Anchylodiscus (Johnston and Tiegs 1922). 
Anchylodiscus tandani (Johnston and Tiegs). 
This trematode was originally found on the gills of the fresh-water jewfish or 
catfish (Tandanus tandanus Mitchell) from the Burnett River, South Queens- 


land. It is interesting to note that the same species (A. tandani) also occurs on 
the gills of the catfish in the Murray River and its Victorian tributaries. 


Genus Ancyrocephalus (Creplin 1839). 
Syn. Diplectanum (Diesing 1858). 
Ancyrocephalus bassensis (Hughes) (Plate XX, fig. 2). 


In 1928 Miss W. K. Hughes described this parasite from formalinised and 
haematoxylin-stained material; a more detailed and somewhat amended 
description of some features of the worm given here is based on an examination 
of considerable numbers of living specimens. 

Habits. When the fresh gill filaments of the flathead (Platycephalus bassen- 
sis) are examined in salt water, the worms, which usually occur in considerable 
numbers on them, appear extremely active. With the adhesive disc firmly 
attached to the gill filament, the worm performs active darting and writhing 
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movements, changing from a short stumpy to a long tenuous form with great 
speed. It moves rapidly by attaching itself momentarily by the head end and 
releasing its disc. Such a movement is so rapidly executed that it is not pos- 
sible to see how it uses its head as an attaching organ. It seems probable that 
it can clasp ridges on the filament—for the head is extremely labile; but it is 
also probable that an adhesive secretion from the head glands play a part, for 
I have seen a case where the worm attached itself to the microscope slide by a 
visible secretion that held it so firmly that the head was considerably stretched 
before it would release itself. 

Adhesive disc. Both major and minor hooks are provided with muscles. The 
minor hooks are borne at the ends of mobile papillae, which perform slow 
groping movements when the animals have been released from the gill fila- 
ments, evidently in an attempt to reattach themselves. The minor hooks are 
provided with two claws, not one, as formerly thought; this in fact has proved 
to be the case with many other gyrodactylids also. 

The cephalic glands. The head is very richly supplied with glands, disposed 
mainly in a ventral group lateral 'to and behind the pharynx and in a dorsally 
situated group just in front of the eyes. They are all densely granulated. Their 
ducts converge to form several long ducts which open on the anterior-lateral 
margin of the head. Usually the region of opening is obscured by the presence 
of “head organs”’; but in the dying animal these structures tend to disintegrate 
and the gland ducts can then be seen beside them. The head organs, on close 
examination, present an appearance entirely like the rhabdites of turbellarians 
and it seems quite possible that they are similar structures. In one particular 
case, a ““head organ”’ was seen completely extruded from the otherwise intact 
head of the worm. In the dying animal they break down into minute granules. 
Other glands, evidently with digestive function, lie on either side of the pharynx 
and open into its base by means of small ducts. 

Reproductive system (Pl. XXII, fig. 10). The testis is a single, very large, 
rounded organ situated in about the middle of the body. The vas deferens 
arises from its anterior end, slightly to the right; it passes forwards and joins 
on the animal’s right side, the large vesicula seminalis. From the anterior end 
of the latter arise two ducts. Of these, one which is a short and comparatively 
wide duct, directly enters the penis. The second duct is very narrow and passes 
forwards to the right of the penis where it joins a small rounded body (PI. XXII, 
fig.10, ac.v.s.) distended in the living animal with motile sperms; it then passes 
backwards as a long very thin coiled thread which opens into the base of the 
penis. There are two prostate glands, which open by means of a common duct 
into the penis. The latter is in the form of a chitinous tube with an elaborated 
flange at its free end; it is contained within a well-defined thin-walled sac. 

The ovary lies just in front of the testis. Its walls are directly continuous 
with a conical organ which must be regarded as oviduct. It presents a longi- 
tudinal striation in its walls and it appears to be a muscular organ for the 
propulsion of the egg cells. The oviduct is directly continued into the uterus, 
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which passes forwards as a straight tube and opens to the right of the mid-line 
near the region of the penis. Into the oviduct on the left side opens the 
vagina. Its outer opening is ventral and crescentic in shape. This dilates 
into a chamber lined with chitin-like material. From this chamber a narrow 
duct passes outwards, then recurves on itself and enters the oviduct. The 
vagina has therefore no relation to the yolk duct. The transverse yolk 
duct itself crosses the uterus just in front of the conical oviduct. Within 
the oviduct of the living worm, actively swimming spermatozoa are often seen. 
The vitellaria are well developed, extending backwards from the pharynx to a 
level of about half-way between the testis and adhesive disc. The transverse 
yolk duct passes across just in front of the muscular portion of the ovary, but 
in no cases is its opening into the female duct visible. Small shell glands open 
into the uterus immediately in front of the transverse yolk duct. Only in one 
single specimen was an egg present. It is brown and spherical, provided with 
a single, comparatively short filament (Pl. XXII, fig. 12). 

Excretory system (Pl. XXII, fig. 11). This system is clearly visible in living 
specimens. The two main canals, one on each side of the body, travel posteriorly 
as far as the end of the vitellaria where they communicate with each other; here 
also they receive the two chief branches from the disc. Each of these branches 
receives numerous smaller ones which drain the body tissue. Anteriorly each 
of the two main canals opens on the side of the body at about the level of the 
penis; here, also, open two main ducts from the anterior portion of the animal, 
one supplying the lateral margin and the other passing more internally and 
joining with its fellow from the other side, in front of the pharynx. Directly in 
front of the eyes are four terminal flame cells, the tubes from which unite to 
form a single duct which passes backwards between the eyes and eventually 
joins the main channel from the head. Before passing round the pharynx and 
down to the excretory opening each of these ducts also receives a smaller branch 
from the extreme anterior end of the head. No other flame cells were seen. 

Nervous system (Pl. XXII, fig. 11). Each of the four eyes consists of a mass of 
small pigment granules and has a clear rounded lens lying to one side. 

The brain lies between the two pairs of eyes and on each side gives off three 
main tracts of nerve fibres. The anterior two of these tracts are short and 
supply the anterior portion of the animal, while the posterior branch continues 
as the nerve cord and passes down the body in line with the intestine. 


Ancyrocephalus vesiculosus n.sp. (Plate XX, fig. 1). 


Marine form found on the gills of Platycephalus bassensis (sand flathead). 

Locality. Port Phillip Bay, Victoria. 

This species was found on only two specimens out of about fifty examined. 

Formalinised adult animal measures 0-92 x 0-25 mm. Body elongate and 
flattened with a slight indication of the head at the anterior end, and a well- 
marked fixing disc at the posterior end. The disc is armed with the usual two 
pairs of major hooks supported by transverse chitinous bars, and with seven 
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in very young forms. 
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pairs of minor hooks disposed as shown in Pl. XX, fig. 1. A careful examina- 
tion of these minor hooks reveals that they are provided with two claws. 
Lying in relation to the larger hooks are four clear, oval vesicles, which are 
right and constant in shape and position. Their firmness suggests that they are 
probably skeletal structures giving support to the disc. They are present even 


There are three pairs of head organs through which open the ducts of 
numerous cephalic glands which extend laterally on either side between the 


anterior pair of eyes and the pharynx. 


Alimentary canal. The mouth is ventral and lies just anterior to the eyes. 
The pharynx is large and well defined. The oesophagus is short and passes 
into a simple forked intestine which ends blindly just posteriorly to the testis. 

Reproductive system. The testis is large, rounded and lies in the middle 
of the body. A single vas deferens passes up one side to a laterally placed 
vesicula seminalis, opening to the exterior by a single chitinous penis. The 


ch.t. 
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Text-fig. 1 A. Ancyrocephalus vesiculosus n.sp. Penis. B. Lamellodiscus pagrosomi n.sp. 


Penis. C. Lamellodiscus major n.sp. Penis. 


the ovary. 


(1) The supporting skeletal vesicles in the disc. 

(2) The chitinous tube in connection with the penis. 

(3) The three-lobed prostate gland. 

(4) The apparent absence of the accessory vesicula seminalis. 
Parasitology xx111 


actual connection between the vas deferens and testis could not be seen. There 
is a well-marked prostate gland, dividing into three lobes and opening into the 
vas deferens just above the vesicula seminalis. Lying in connection with the 
penis sac is a chitinous tube (Text-fig. 1 A) through which apparently the penis 
can be protruded, after having first been retracted into the sac. The ovary is 
much smaller and lies anteriorly to the testis. The oviduct is short and passes 
forwards as the uterus which opens to the exterior at a level about half-way up 
the length of the penis. There is a single vagina with a chitinous lining; it opens 
at the left side just anteriorly to the ovary. The vitellaria are well developed 
extending down the lateral margins and terminating about half-way between 
the testis and the disc. The transverse yolk duct passes immediately in front of 


A. vesiculosus is distinguished from A. bassensis by the following features: 
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Ancyrocephalus robusta n.sp. (Pl. XX, fig. 4). 


Marine form found on the gills of Sparus australis (Black bream). 

Locality. Werribee River, Victoria. 

External features. This is a large stout worm about 2-50 mm. long and 
0-53 mm. broad when formalinised. The attaching disc is large and broad, and 
is supported by three transversely placed chitinous bars which do not articulate 
with each other. The dorsal pair of major hooks are biramous basally; the ven- 
tral pair only very indistinctly so. Both articulate at their bases with the outer 
ends of the lateral transverse bars. The fourteen minor hooks are disposed as 
shown in PI. XX, fig. 4. Each hook possesses two claws and is borne on a mobile 
papilla. The head is richly supplied with glands arranged im a crescent in front 
of the pharynx. Their ducts travel forwards and open through the large pairs 
of head organs. 

Alimentary canal. The mouth is situated just in front of the eyes; the 
pharynx is well developed. The intestinal limbs are simple and end blindly at 
the posterior termination of the vitellaria. 

Reproductive system. The testis is an extremely large rounded body lying 
in the middle of the body. The vas deferens arises from the left anterior side of 
the testis and passes forwards into a large coiled vesicula seminalis which 
narrows considerably before opening into the penis. A small prostate gland 
is present lying just above the vesicula seminalis and opening by a short duct 
into the penis. The latter is a complex structure composed of several chitinous 
hooks (Pl. XX, fig. 4). The ovary is a curved organ lying anteriorly to the testis. 
The oviduct arises from its anterior end, passes backwards and then turns 
forwards as the uterus. The vagina is small and opens on the ventral surface 
in the median line a short distance below the level of the ovary. It opens into 
a long dilated receptaculum seminis which passes forwards and opens into the 
ootype. Shell glands could not be seen in the material available. 

Excretory system. Two main excretory canals, one much wider than the other, 
travel down on each side of the body as far as the commencement of the disc, 
and communicate with their fellows from the other side. These ducts together 
with those from,the head region of the animal open through an elongated 
excretory vesicle on each side of the body just below the level of the pharynx. 


Genus Lamellodiscus (Johnston and Tiegs, 1922). 
Lamellodiscus pagrosomi n.sp. (Pl. XXII, fig. 15). 
Marine form found on the gills of Pagrosomus auratus (snapper). 
Locality. Port Phillip Bay. 
External features. This is a small slender species, about 0-57 mm. long and 
0-10 mm. broad, when formalinised. The living animal resembles Ancyro- 


cephalus bassensis in habits, having the same type of active movements, and 
manner of wandering about the gills. 
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The attaching disc is distinctly marked off from the body, and is armed with 
the two accessory adhesive organs which characterise the genus, as well as 
with the usual two pairs of major hooks with supporting bars, and seven pairs 
of minor hooks. The accessory adhesive organs (Pl. XXII, fig. 15, ac.ad.o.) are 
borne on the dorsal and ventral surfaces of the disc and consist of about eight 
or nine pairs of concentric (chitinous?) lamellae. The anterior lamella is single 
and forms a complete ring; those behind it spread outwards, curve forwards 
and upwards, but their outer ends do not meet. In.this way arises a saucer- 
shaped adhesive organ with stiff ridges traversing its floor. Plain muscle fibres 
occur in it. As may be seen in the living animal, these enable the organ to 
elongate and contract itself, and to perform grasping movements, so that it can 
fit into irregularities of the gill filaments of the host. The main support for the 
attaching disc is derived from three transversely placed chitinous bars, the 
central one articulating with the two lateral] ones. The dorsal major hooks are 
markedly biramous basally ; the ventral hooks are very indistinctly biramous. 
Both articulate at their bases with the outer ends of the lateral bars. The minor 
hooks are disposed as in Pl. XXII, fig. 15. Each is provided with two claws and 
is borne on a mobile papilla. 

Small cephalic glands are situated on each side of the pharynx, their ducts 
travelling forwards to open through the three pairs of head organs. Two pairs of 
eyes are present immediately in front of the pharynx, the anterior pair being 
further apart than the posterior. 

Alimentary canal. The mouth is situated mid-ventrally, in front of the eyes. 
The pharynx is well developed; the oesophagus is unusually long. The intes- 
tinal limbs are simple and end blindly near the posterior end of the vitellaria. 

Reproductive system. In this species the male organs reach maturity before 
the female. In younger forms the testis is a large-lobed structure occupying a 
great part of the body behind the ovary which at this stage is immature. The 
vas deferens arises from the anterior end of the testis and leads into a long 
narrow vesicula seminalis which passes forwards and opens into the penis. 
A well-marked prostate gland is present lying posteriorly to the penis and 
opening into it by a short narrow duct. The penis is enclosed in a large sac and is 
a complex chitinous structure (see p. 495, Text-fig. 1 B). In older forms the testis 
is greatly reduced or practically absent. The mature ovary is a curved organ 
lying midway along the length of the animal. The oviduct passes inwards from 
its anterior portion, then passes forwards as the uterus to open to the exterior 
just beside the penis. The small short vagina is lined with chitin and opens into 
a comparatively large receptaculum seminis, which in its turn opens by a 
narrow duct into the ootype. Here also open numerous small shell glands. 
The vitelline system is well developed, extending from behind the pharynx to 
the commencement of the attaching disc. The transverse yolk duct passes just 
in front of the ovary. 

The excretory system. Two main excretory canals, one much wider than the 
other, pass down on each side of the body, crossing and recrossing each other 
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at intervals. Behind the posterior termination of the vitellaria they unite with 
their fellows from the other side. These ducts, together with those from the 
anterior portion of the animal, flow into a common excretory opening on each 
side of the body at about the level of the penis. 


Lamellodiscus major n.sp. (Pl. XX, fig. 3). 

Marine form found on the gills of Sparus australis (black bream). 

Locality. Werribee River, Victoria. 

Another species, L. typicus (Johnston and Tiegs), has already been described 
from this host; Z. major differs from it in the following points: 

(1) Average length of formalinised adult animal 2-25 mm.: average 
breadth 0-42 mm. (L. typicus measures 0-5 x 0-12 mm.). 

(2) The body is uniform with no distensions or constrictions. 

(3) The penis is extremely complex (see p. 495, Text-fig. 1 C). 

(4) The vagina is recurved and is lined with chitin; it crosses the vas 
deferens and opens into the ootype. 

The features are not due to the state of development of the animal, since 
they are constant over a considerable range of size (including animals of the 
size of L. typicus). 

Excretory system. This system was worked out on living material in which it 
is very clearly visible. Two main excretory canals pass down the body on each 
side, crossing and recrossing each other at intervals. They extend as far as the 
commencement of the disc where they unite with their fellows from the other 
side. These ducts and those from the head region open at the common excretory 
openings on each side of the pharynx. In the regions of these openings the 
canals become coiled and greatly swollen. 


Genus Lepidotrema (Johnston and Tiegs, 1922). 
Lepidotrema bidyana n.sp. (Plate XX, fig. 5). 


Fresh-water form found on the gills of Therapon bidyana (silver bream or 
black perch). 
Locality. River Murray, Victoria. 

- External features. Length of formalinised animal 0-85 mm., breadth 0-20 mm. 
The body is covered with minute scale-like papillae which increase in size 
towards the posterior end. The attaching disc is armed with the two scaly ac- 
cessory adhesive organs characteristic of the genus, as well as with the usual two 
pairs of major hooks with supporting bars, and seven pairs of minor hooks. The 
accessory organs are borne on the dorsal and ventral surfaces of the disc to- 
wards the proximal end, and consist of about twelve curved rows of modified 
papillae (Pl. XX, fig. 5). In the hinder five or six rows these are developed into 
small teeth; on the outer (hinder) margin there are nine to eleven large hooks 
connected by a membrane and spread out like a fan. The attaching disc derives 
its main support from two pairs of transversely placed chitinous bars, a ventral 
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and a dorsal pair. There is an articulation at their inner ends between the dorsal 
pair with the ventral pair. Moreover, the right and left ventral and right and 
left dorsal pairs articulate at their inner ends by the intervention of an addi- 
tional shorter chitinous bar. Associated with the outer ends of the cross bars 
are two pairs of major hooks, a dorsal and a ventral. The dorsal hooks are 
markedly biramous basally, the ventral hooks are indistinctly biramous. Both 
articulate at their bases with the outer end of the ventral cross bar but not 
with the dorsal one. The fourteen minor hooks are disposed as in the figure. 
Close examination of these shows that each has two “claws”’. 

Three pairs of ‘‘head organs” are present, through which pass the ducts 
from the cephalic glands. These are very numerous and lie in a continuous 
mass which extends on either side of the pharynx and in front of the eyes. 

Alimentary canal. The mouth is ventral and situated just in front of the 
anterior pair of eyes. The pharynx is large and prominent, with the usual 
radiating arrangement of its cells, some of which appear to be glandular, since 
they stain more deeply with iron haematoxylin. No definite oesophagus is 
visible, and the forked intestine ends blindly near the posterior end of the 
vitellaria. 

Reproductive system. The testis lies directly behind the ovary. There is an 
extraordinarily large flattened vesicula seminalis with lobulated edges ex- 
tending from the ovary nearly as far forwards as the pharynx. 

The penis is a fairly simple chitinous tube, the flange, characteristic of the 
hitherto described species of the genus, being absent. There is a well-marked 
prostate gland, which is granular in appearance and opens into the base of the 
penis. The vas deferens could not be made out. The ovary is larger than the 
testis and at its anterior end it extends to the right, then bends sharply on 
itself and gives rise to the oviduct. The uterus is rather a wide tube which runs 
forwards in the median line and opens on the ventral surface at about the level 
of the anterior end of the prostate gland. In a few cases the uterus contained 
a single comparatively large, rounded egg. An extremely large vagina passes 
forwards and opens on the left side. In a few specimens shell glands could be 
seen situated round the ootype. The vitellaria are well developed, extending 
to the posterior end of the body. The transverse yolk duct passes just in front 
of the ovary. 


Genus Lepidotes (Johnston and Tiegs, 1922). 
Lepidotes fluviatilis (Johnston and Tiegs). 
L. fluviatilis was originally found on the gills of the golden perch (Plectro- 
plites ambiguus Richardson) from the Thompson River at Longreach, Central 


Queensland. Its distribution is considerably extended, for it has now been 
found infecting the same species of host from the Murray River, Victoria. 
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Family MICROCOTYLIDAE. 
Genus Microcotyle (van Beneden and Hesse, 1863). 
Microcotyle bassensis n.sp. (Pl. X XI, fig. 6). 


Marine form found on the gills of Platycephalus bassensis (sand flathead). 

Locality. Port Phillip Bay, Victoria. 

Described mainly from living specimens. 

Habits. An examination of a considerable number of sand flathead (P. bas- 
sensis) showed that about 25 per cent. of them harboured on their gills one to 
three of these parasites. When the worm, still attached to the gill filaments, is 
examined in salt water it appears fairly active, its long tenuous body waving 
gently about: if it is touched it rapidly contracts but soon returns to its usual 
elongated form. 

External features. The attaching organ with its numerous small suckers con- 
stitutes the posterior third of the animal. Anteriorly, this attaching organ 
is distinctly marked off from the body by lateral outgrowths; posteriorly 
it tapers to a blunt point. The suckers are bivalved, stalked structures; when 
detached from the gill filament they may be seen continuously opening 
and closing. Each sucker is provided with chitinous framework and hooks, 
disposed as in the illustration (Pl. X XII, fig. 17). At the anterior end of the body 
there are two simple oval buccal suckers, one on either side of the buccal cavity, 
each being provided with two rows of minute hooks along its floor. Just in 
front of the genital openings there is a patch of several hundreds of small 
simple hooks which are probably associated with copulation. 

The anterior end of the head is supplied with three small groups of buccal 
glands. These glands are eversible and in some cases have been seen to attach 
the animal firmly to the microscope slide. 

Small groups of pigment granules are dispersed through the regions occupied 
by the vitellaria, and a few groups lie between the pharynx and the genital 
hooks. 

Alimentary canal. The mouth is remarkably large and lies at the extreme 
anterior end of the animal. Its ventral lip is thrown into folds and is very much 
more mobile than its dorsal lip. The buccal cavity leads to a comparatively 
small pharynx, into the base of which open a small group of glands. The 
oesophagus extends to the region of the genital openings, then divides into the 
two intestinal branches, which pass down the body, one on either side, and 
unite again at the posterior end of the body proper. Each branch gives off 
numerous small lateral caeca along its outer margin only. These caeca contain 
short flagella which can be seen moving rapidly and serve to churn up the 
intestinal contents. Neither the action of these flagella, nor peristaltic con- 
tractions of the intestine seems to be responsible for passing food along the 
intestine ; this is apparently the result of the active contraction of the animal’s 
body as a whole. 
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Reproductive system. The testicles are small and numerous, and extend from 
behind the ovary to the posterior end of the body proper. The vas deferens 
passes up medially as a coiled tube greatly swollen with sperms. At its anterior 
end it narrows and opens by way of a small rounded penis, lodged in a minute 
penis sac, to the exterior. The ovary is irregularly S-shaped and lies half-way 
along the length of the animal. The oviduct arises as a very narrow duct from 
its right side; first it passes backwards to open into a widely dilated chamber, 
which serves as a receptaculum seminis, since live sperms may be seen within 
it. It then narrows again, travels across the body, turns forwards and be- 
comes continuous with the ootype. The latter continues as the uterus, which 
passes forwards medially as an uncoiled tube, and opens in front of the male 
opening, just below the genital hooks. Into the base of the ootype open 
numerous small filiform shell glands. The genito-intestinal duct leaves the 
oviduct shortly beyond the receptaculum seminis and passes as a narrow duct 
to open into the intestine on the animal’s right side (Pl. X XII, fig. 18). In some 
specimens the walls of the oviduct, receptaculum seminis, genito-intestinal 
canal, yolk duct and uterus are seen to give a striking appearance of annula- 
tion, evidently representing a system of muscular fibres for producing peri- 
staltic waves in the ducts; in the living animals such waves may be readily 
seen. In the yolk duct they force the masses of yolk backwards; in the oviduct 
the egg and piled up masses of yolk are pressed towards the uterus. The passage 
of the egg from the ovary along the oviduct to the opening of the yolk duct is 
very rapid, occupying only a few seconds; from there on its progress is much 
slower. Active ciliary motion is to be seen in the lower region of the yolk duct 
and in the oviduct. In the genito-intestinal duct considerable masses of yolk 
are usually present. Nevertheless, a good deal of superfluous yolk evidently 
goes to waste, since masses of it may usually be seen at intervals along the 
uterus. 

The vaginal opening is dorsal and median, lying midway between the front 
end of the body and the ovary. The vaginal canal is short and divides into two 
before opening into the paired yolk ducts. These two ducts pass down, one on 
either side, then unite to form a single median duct, which narrows considerably 
before opening into the oviduct close to where the latter turns forwards to be- 
come the ootype. Three to four eggs may be seen in the uterus at one time; 
each egg has the shape of a broad spindle with a long attaching thread at 
either end. 

The vitelline glands are well developed, extending backwards from the region 
of the genital openings, and terminating behind the testis. 

Excretory system. This system shows up remarkably clearly in living material. 
The two main canals on each side pass down the body on the outer side of the 
nerve cord. Along their lengths they frequently give off side branches which 
rejoin them again later. Anteriorly, these canals, together with those from the 
head region, open on the side of the body at the level of the genital hooks; 
posteriorly they extend to the end of the attaching disc where they communi- 
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cate with each other. In the disc region, where there was no yolk to obscure the 
view, an anastomosing network of fine branches could be clearly seen opening 
into the main canals (Pl. XXII, fig. 16). Although no terminal flame cells were 
observed, undulating flagella of relatively enormous length could be seen at 
intervals throughout the whole system, their undulating motion evidently 
serving to drive the excretory fluid along the channels. 

Nervous system. The brain lies midway between the pharynx and genital 
hooks, and on each side gives off five main tracts of nerve fibres. Of these 
tracts the anterior three are short and supply the head region, while the pos- 
terior two unite to form the broad nerve cord which passes down the side of 
the body extending right to the end of the attaching disc. 


Microcotyle pagrosomi n.sp. (Plate X XI, fig. 7). 

Marine form found on the gills of Pagrosomus auratus (snapper). 

Locality. Port Phillip Bay, Victoria. 

Described mainly from living specimens. 

External features. Average length of formalinised specimens 5-2 mm., 
average breadth 0-7 mm., but, as in all such animals, size measurements are 
indefinite. The attaching organ with its numerous small suckers constitutes 
the posterior third of the body. Anteriorly, this attaching organ is broad and 
is distinctly marked off from the body by lateral outgrowths; posteriorly, it 
tapers to a blunt point. Each sucker is stalked, bivalved and is provided with 
a chitinous skeleton of hooks, arranged as already described for M. bassensis 
(Pl. XXII, fig. 17). The two single buccal suckers lying one on either side of the 
buccal cavity are each provided with a single row of very minute hooks along 
its floor. Three small groups of eversible buccal glands are present, situated at 
the extreme anterior end of the body. On each side of the vaginal opening 
there is a cluster of about fifty small simple genital hooks. Small groups of 
pigment granules are fairly thickly dispersed throughout the regions occupied 
by the vitelline glands; a few isolated groups, however, extend beyond the 
anterior termination of the vitellaria, as far as the pharynx. 

Alimentary canal. The large mouth, with its corrugated ventral lip, lies at the 
extreme anterior end of the animal, and opens by way of a spacious buccal 
cavity into a small rounded pharynx. The oesophagus could be seen leading 
from the pharynx, but the intestine was not visible in any of the specimens 
available. 

Reproductive system. Numerous small testicles extend from the hind end of 
the ovary to the end of the body proper. The vas deferens passes up medially 
as a coiled tube greatly swollen with sperms and opens to the exterior at the 
anterior termination of the vitellaria. The ovary lies midway along the length of 
the animal and is irregularly S-shaped. The oviduct arises from its right side 
and passes backwards to open into a widely dilated chamber which contains 
living sperms and which serves as a receptaculum seminis (as described for 
M. bassensis). From here it continues across the body as a narrow tube, and 
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turns forwards to become the ootype into the base of which open numerous 
small shell glands. The ootype continues as the uterus and passes medially to 
open just behind the male opening. The genito-intestinal duct leaves the 
oviduct shortly beyond the receptaculum seminis and opens into the intestine 
on the animal’s right side. 

The large vaginal opening is dorsal and median. It opens into a funnel- 
shaped chamber from which an extremely narrow canal passes backwards 
and divides into two before opening into the paired yolk ducts. The yolk ducts 
pass down the body, one on each side, then unite in the median line to form a 
single duct which opens into the oviduct midway between the ootype and 
receptaculum seminis. 

The vitelline glands extend along either side of the body, commencing at the 
genital openings. Those on the right side terminate at the posterior end of the 
testis, while those on the left extend for a short distance into the attaching 
organ. In two specimens an egg was present in the uterus. The egg is oval with 
an extremely long attaching thread at one end and a much shorter one at the 
other (Pl. XXII, fig. 19). 

Excretory system. The arrangement of this system is similar to that described 
in M. bassensis. 


Microcotyle australis n.sp. (Pl. X XI, fig. 8). 


Marine form found on the gills of Sparus australis (black bream). 

Locality. Werribee River, Victoria. 

Described mainly from living specimens. 

External features. Average length of formalinised animal 5-6 mm., average 
breadth 0-73 mm. The body is symmetrical and elongated. The attaching disc 
with its numerous small suckers constitutes the posterior third of the animal. 
Anteriorly this attaching disc is broad and is distinctly marked off from the 
body by lateral outgrowths; posteriorly it tapers to a blunt point. Each sycker 
is a stalked bivalved structure with a chitinous skeleton and hooks arranged 
as described for M. bassensis (Pl. XXII, fig. 17). Their peculiar form of move- 
ment is the same as in that animal. 

Two simple rounded buccal suckers, without hooks, are present, lying one on 
either side of the buccal cavity. 

The head is well supplied with glands which are arranged in two groups: a 
set of small eversible glands in association with the mouth, and a second set 
extending from the pharynx backwards on either side to the anterior tip of the 
vitellaria. 

Small groups of pigment granules are dispersed throughout the regions 
occupied by the vitelline glands; some isolated groups, however, extend beyond 
the anterior termination of the vitellaria as far as the pharynx. 

Alimentary canal. The large mouth with its corrugated ventral lip lies at the 
extreme anterior end of the animal, and opens by way of a spacious buccal 
cavity into a small rounded pharynx. The oesophagus is short and divides into 
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two intestinal branches which are obscured along the greater part of their 
length by the extremely dense vitellaria. 

Reproductive system. Testicles eight to nine, mainly unpaired, extending 
from behind the ovary to the posterior end of the body proper. The vas deferens 
passes forwards medially as a narrow tube and opens into a pear-shaped 
vesicula seminalis, which is situated just below the anterior end of the vitellaria. 
It opens to the exterior on the ventral surface by way of a small penis. The 
ovary is in the middle of the body. The oviduct arises from its right side and 
dilates to form a wider chamber which as in M. bassensis serves as a recepta- 
culum seminis. From here it continues across the body as a narrow tube, then 
turns forwards to become the ootype into the base of which open numerous 
small shell glands. 

The ootype continues as the uterus and passes forwards medially to open 
to the exterior in front of the vesicula seminalis. This opening is large and is 
guarded by an operculum which is armed with one pair of large hooks and four 
pairs of minor hooks. In connection with this organ, and with the penis also, 
is developed a peculiar thin ring of chitinous material which seems to act as a 
supporting structure for these organs (see Pl. XXI, fig. 8 g.sp.). It does not 
occur in the other microcotylids described in this paper. 

The genito-intestinal duct leaves the oviduct shortly beyond the recepta- 
culum seminis and evidently opens into the right intestinal coecum, although 
the opening has not actually been seen. There are two openings leading to the 
vagina, one situated on either side of the vesicula seminalis. Their narrow 
canals pass inwards and backwards and unite in the median line to form a 
single canal which passes backwards and divides into two before opening into 
the paired yolk ducts. The two yolk ducts unite in the median line to form the 
single yolk duct which opens into the oviduct midway between the ootype and 
receptaculum seminis. 

The vitelline glands extend along either side of the body commencing at the 
female opening. Posteriorly they extend for a short distance into the attaching 
disc. 

Only one egg at a time can be seen present in the uterus. It is a large oval 
structure with an extremely long attaching thread at each end (Pl. X XII, fig. 13). 

Excretory system. The arrangement of the excretory system is similar to that 
in M. bassensis. In this species, however, the vessels can be clearly seen, and 
the long undulating flagella which occur in them moves at intervals with great 
rapidity. Each flagellum is about 140, long. Only a few flame cells have been 
seen, mainly in the head region; they are so clear that their apparent absence 
in other parts may be a real one, and may perhaps be correlated with the fact 
that the great flagella of the excretory canals has functionally replaced them. 
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Microcotyle sciaenae n.sp. (Pl. X-XI, fig. 9). 


Marine form found on the gills of Sciaena antarctica (Kingfish of Australia). 

Locality. Moreton Bay, Queensland. 

Described from four haematoxylin stained preparations. 

Length of formalinised animal 6-64 mm., breadth 1-41 mm. 

External features. Body symmetrical and elongate, tapering towards each 
end. The attaching organ, with its numerous small suckers situated along a 
ridge on either side, constitutes the posterior third of the body. Lateral out- 
growths do not occur as in the other species here described. Each sucker is 
provided with a chitinous skeleton and hooks, disposed as in the M. bassensis 
(Pl. XXII, fig. 17). At the anterior end of the animal there are two simple buccal 
suckers without hooks, one on either side of the mouth, and two genital 
suckers lying closely together and armed with small simple hooks. Small 
groups of pigment granules are dispersed throughout the regions occupied by 
the vitellaria. 

Alimentary canal. The mouth opens into a buccal cavity which leads to a 
small pharynx with the usual radiating arrangement of its cells. The oesophagus 
can be seen extending as far as the region of the genital suckers, but from there 
onwards no further trace of the alimentary canal can be discerned. 

Reproductive system. The testicles are small and numerous, extending from 
the hind end of the ovary of the body proper. The vas deferens passes up 
medially as a coiled tube, and opens to the exterior between the genital 
suckers; its connection with the testis has not been seen. The ovary which 
lies in the middle of the animal is a large rounded mass divided into lobes. 
The oviduct passes forwards medially, then widens out considerably to form 
the uterus which opens to the exterior anteriorly to the male genital opening. 
In one specimen the uterus was crowded with numerous mature eggs, which 
appear to be laid in clusters. Each egg is oval with an operculum at one end 
and fairly long attaching thread at the other (Pl. XXII, fig. 14). The vaginal 
opening is dorsal and median. The vaginal canal is short, and divided into two 
just before opening into the paired yolk ducts. The two ducts pass down the 
body, one on either side, then unite in the median line towards the centre of 
the ovary to form a single duct. The actual connections between the oviduct, 
yolk duct and ovary cannot be seen. There is a duct passing to one side, which 
is probably a genito-intestinal duct, although its relation with the yolk system 
has not been determined. The vitelline glands extend along either side, from 
the region of the vagina to the posterior end of the body proper. 

Excretory system. Towards one side, near the genital sucker, there appears to 
be a swollen vesicle which is probably an excretory opening. 
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Key to Lettering. 


a.op. armed operculum; ac.ad.o. accessory adhesive organ; ac.v.s. accessory vesicula seminalis; 
b.c. buccal cavity; b.g. buccal gland; br. brain; b.s. buccal sucker; c.g. cephalic glands; ch.t. chiti- 
nous tube; e. eye; ex.d. excretory duct; ex.o. excretory opening; g.h. genital hooks; g.i.d. genito- 
intestinal duct; g:s. genital sucker; g.sp. genital support; h.o. head organ; 7. intestine; i.c. intestinal 
caeca; m. mouth; m.b. bundles of muscle tissue; m.g.o. male genital orifice; n.c. nerve cord; 0. 
oviduct; oe. oesophagus; 00. ootype; ov. ovary; p. penis; ph. pharynx; pr. prostate gland; p.s. 
penis sac; 7.s. receptaculum seminis; s.g. shell gland; sk.v. skeletal vesicle; t. testis; t.y.d. transverse 
yolk duct; wu. uterus; wt. uterus; wt.o. uterine orifice; v. vitellaria; v.d. vas deferens; vg. vagina; 
vg.o. vaginal opening; v.s. vesicula seminalis; y.d. yolk duct. 
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DESCRIPTION OF PLATES XX-XXII. 
PLATE XxX. 


. Ancyrocephalus vesiculosus, n.sp. 
. Ancyrocephalus bassensis (Hughes). 


Lamellodiscus major n.sp. 


. Ancyrocephalus robusta n.sp. 
. Lepidotrema bidyana n.sp. 


PLATE 


. Microcotyle bassensis n.sp. 
. Microcotyle pagrosomi n.sp. 
. Microcotyle australis n.sp. 
. Microcotyle sciaenae n.sp. 


PLATE XXiIil. 
Ancyrocephalus bassensis (Hughes). Reproductive system. 
Ancyrocephalus bassensis (Hughes). Entire animal, showing excretory and nervous 
systems. 


. Ancyrocephalus bassensis (Hughes). Egg. 

. Microcotyle australis, n.sp. Egg. 

. Microcotyle sciaenae n.sp. Egg. 

. Lamellodiscus pagrosomi n.sp. Entire animal. 

. Microcotyle bassensis n.sp. Portion of excretory system in hinder end of the animal. 
. Microcotyle bassensis n.sp. Chitinous framework of sucker; face view. 

. Microcotyle bassensis n.sp. Female reproductive organs. 


Microcotyle pagrosomi n.sp. Egg. 


(MS. received for publication 18. v. 1931—Ed.) 
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NAIROBI SHEEP DISEASE. 
By R. DAUBNEY anv J. R. HUDSON. 
Division of Veterinary Research, Kenya Colony. 
(With 6 Charts.) 


INTRODUCTION. 


In 1917 Montgomery described a tick-borne gastro-enteritis of sheep and goats 
for which the name Nairobi sheep disease has passed into general use. In a 
comprehensive paper dealing with his work at Kabete he was able to show that 
the causal agent was a filtrable virus, transmitted by Rhipicephalus appendi- 
culatus, the ordinary brown tick and common vector of East Coast fever in 
cattle. In spite of Montgomery’s careful description of the lesions, of his record 
of failure to infect cattle, and of his successful filtration experiments, there has 
until recently been considerable confusion between this disease and heartwater, 
and opinions have been expressed that Montgomery was in all probability 
working with a strain of heartwater. During the course of certain investiga- 
tions on heartwater the opportunity was taken to compare the two diseases 
and to confirm and extend Montgomery’s observations. 

Two strains of virus were quickly obtained, one by exposing, in the Kikuyu 
reserve near the laboratory, healthy sheep drawn from the Narok area: and the 
other by requesting natives, who incidentally had no difficulty in recognising 
the disease from a clinical description, to bring to the laboratory any sheep 
suffering from the disease. These two strains proved identical, and conformed 
in every way to the characters given for the virus of Nairobi sheep disease by 
Montgomery. 

THE DISEASE. 


Symptoms. 

On exposure in an infected locality the first symptom is an acute febrile re- 
action which may commence within 5 or 6 days of the date of exposure. The 
temperature reaction may last from 5 to 9 days; but in a hyperacute case it 
falls suddenly on the third or fourth day. With the fall in temperature other 
symptoms of illness will appear if the case is likely to terminate fatally (Chart 
I). In less acute cases the temperature falls steadily after being elevated for 
from 4 to 6 days, and the animal may then develop other symptoms and die 
(Chart II), or may show a second temperature reaction after a remission of 
from 3 to 7 days. This second reaction may terminate fatally; but more 
generally it is followed by recovery without the development of any noticeable 
symptoms. 
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The visible symptoms, which if at all marked may be regarded as an ex- 
tremely unfavourable prognostic sign, comprise a muco-purulent nasal dis- 
charge, rapid and apparently painful respiration, and bright to dark green, 
watery diarrhoea. In the later stages the animal ceases to feed and becomes 
unable to rise. The vulva and external genitals of ewes are swollen and con- 
gested and at this stage pregnant ewes frequently abort. The faeces may con- 
tain mucus and flecks of comparatively unchanged blood before death. 
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Days after inoculation Days after inoculation 
Chart I. Hyperacute case. Chart II. Acute case. 


Post-mortem lesions. 


Post-mortem the carcase may be in good or bad condition, depending upon 
the duration of the illness. Macroscopic lesions are found in the alimentary 
tract, spleen, kidney, heart and trachea. 

Alimentary tract. The mucous membrane of the abomasum may be diffusely 
congested over its whole surface, or lesions may be confined to the cardiac 
portion; in the latter case it is common to find lenticular or pin-point haemor- 
rhages. The mucous membrane is rarely thickened to any appreciable extent. 

The duodenum and jejunum may be catarrhal or even haemorrhagic; usually 
however the lesion is not marked in this part of the small intestine. The ileum 
shows a varying degree of congestion and submucous haemorrhage, which may 
extend throughout its length, but which is more common in the posterior 
portion. The lesion in the ileum is always more severe towards the ileo-caecal 
valve, which is swollen and raised, and in a severe case may be ulcerated and 
port-wine coloured. 

The caecum and the first part of the colon are usually the seat of the most 
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severe lesion in the alimentary tract. There is extensive haemorrhage into the 
mucosa and typically the lesion is disposed in longitudinal bands or rugae 
which stretch from end to end of the caecum and usually extend some distance 
into the colon. In a severe case these longitudinally striated haemorrhages may 
be found throughout the large intestine right to the anus. The contents of the 
caecum and colon are fluid and usually somewhat stained with blood. 

Spleen and lymphatic glands. There is always a well-marked tumor splenis, 
and at times the organ may be enlarged to five or six times its normal size. The 
Malpighian corpuscles are prominent and the organ contains an excess of blood. 
The lymphatic glands throughout the body are enlarged and more moist in 
consistency than normal. 

Kidney. The capsule of the kidney strips perfectly and the cortical surface 
commonly shows ecchymoses. On section there is invariably some nephritis, 
which in later cases is followed by marked congestion of the medulla and 
boundary layers. The medulla may appear to be considerably enlarged at the 
expense of the cortex. The cut surface of the cortex is granular in appearance 
and may show evidence of congestion. 

Heart. The pericardium may contain some excess of clear fluid. The heart 
usually shows petechiae on the epicard and oedema of the coronary grooves. 
The left heart invariably shows ecchymoses of the endocard. 

Trachea. The submucous vessels are usually congested but actual haemor- 
rhage is rare. 

Liver. Although the liver shows no macroscopic lesions, the gall bladder is 
usually distended with bile, which is abnormal both in colour and consistency. 
It may be grumous or syrupy and may vary in colour from light golden to 
dark brown. 

Genital tract. In ewes there may be an inflammatory condition of the whole 
of the genital tract. The vulva, vagina and uterus may be swollen and con- 
gested and their mucous membranes in a catarrhal state. The lesions are more 
marked in pregnant ewes and they may involve the foetus and foetal mem- 
branes if abortion has not already occurred. The membranes are thickened, 
loaded with blood, and the amniotic fluid may be blood-stained. The foetus 
commonly shows extensive subcutaneous and intracutaneous ecchymoses on 
various parts of the body. 


Histology. 


Histologically there is nothing specific about the lesions of Nairobi sheep 
disease and no inclusion bodies or other specific changes have been detected 
in any of the organs examined. 

Alimentary tract. Changes in the caecal mucosa appear about 72 hours after 
the temperature reaction has commenced. The capillaries at this time are 
slightly more distended with blood than normal, and cells migrate into the 
inter-glandular tissue. As the disease progresses congestion and round-cell 
infiltration become more marked. Congestion is always more advanced in the 
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vessels immediately below the free surface of the mucosa and it is from these 
vessels that haemorrhage later occurs. 

Spleen. The spleen pulp is engorged with red cells and there is hyperplasia 
of the lymphoid tissue of the Malpighian corpuscles. 

Kidney. The pathological changes in the kidney, which can first be detected 
about 72 hours after the commencement of the reaction, develop gradually 
into a glomerulo-tubular nephritis. In the early stages the convoluted loop 
and collecting tubules are distended but do not contain definite casts. The 
nuclei of the epithelium of the convoluted tubules may be pycnotic or swollen 
and deeply staining. In certain areas karyolysis may be observed, while in 
others the nuclei appear to be normal. The cytoplasm of the cells may be 
swollen, vacuolated and granular and the edges of the cells may appear frayed. 

Desquamated epithelial cells are found in the loop tubules, the walls of 
which remain normal. 

The glomeruli show some leucostasis and the endothelial nuclei appear 
swollen. At this stage the nuclei of the cells lining Bowman’s capsule and of the 
connective tissue cells are normal. In the medulla the epithelium is normal; 
but some of the tubules contain small quantities of granular cast material. The 
fibroblast nuclei in the medulla are swollen and many of the blood vessels are 
distended with blood, which does not contain any excess of leucocytes. 

At a later stage the tubular changes in the cortex are much more advanced. 
There has been considerable desquamation in the convoluted tubules and most 
of the cells remaining have lost their nuclei. The loop tubules are packed with 
casts of epithelium and hyaline material. The glomeruli appear shrunken and 
mulberry-like in their capsules. Leucostasis is marked and in many cases there 
is evidence of proliferation of the cells lining Bowman’s capsule. These cells 
frequently assume a cubical form and the capsule may contain typical demi- 
lunes. 

There is always a certain amount of congestion of the capillaries in the 
neighbourhood of the glomeruli, which sometimes show a marked perivascular 
cellulation. Congestion, however, is always a more striking feature in the 
medulla. Here groups of capillaries stand out on account of their enormous 
distension. The epithelium of the medullary tubules is never severely affected. 

In animals that recover this acute tubular nephritis soon gives way to the 
usual connective tissue changes of interstitial nephritis. In the process of 
repair both glomeruli and tubules that have suffered serious change are 
replaced by fibrous tissue. 

From a diagnostic point of view the kidney is the only organ with histo- 
logical changes of any value. Of the diseases that might be confused with 
Nairobi sheep disease we know of none in which a definite glomerulo-tubular 
nephritis regularly occurs. 

The changes in other organs are insignificant. 
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THE VIRUS. 


Location in the tissues of the sheep. 


Montgomery was invariably successful in transmitting the disease by the 
inoculation of blood or serum taken during the temperature reaction. He was 
also able to effect transmission by the inoculation of saline extracts of organs, 
and on two occasions infected animals by the subcutaneous inoculation of 
urine. A single experiment with pericardial fluid also gave a positive result. 

We are able to confirm his finding that blood taken during the temperature 
reaction is invariably infective. By bleeding into physiological saline con- 
taining sodium citrate and separating the plasma and corpuscles by centri- 
fuging, we were able to demonstrate the infectivity of both plasma and cells. 
Saline extracts of the spleen and of the liver have also proved infective. 


Filtration. 
Montgomery, in a large series of experiments, demonstrated the filtrability of 
virus in citrated blood, plasma and serum through Chamberland F. and Berk- 


feld No. 7 candles. We used only plasma in our later filtration experiments. 
Table I shows the result of a typical filtration. 


Table I. Filtration of diluted plasma. 


Dose equivalent 
No. of animal Filter candle of plasma Result 
3370 + 
3372 L3 le.c. 
3543 o Immune 
3349 + 
3355 L7 lee. { + 
3578 L9 le.e. + 
3354 + 
3360 Lil le.c. 
3584 4 
3576 . © Doubtfully susceptible 
3579 L13 lc.c. { 
a Controls unfiltered le.e. {t 


The plasma was diluted with phosphate buffer at pH 7-6 in the proportion of 
1 to 25, and filtration was effected using a negative pressure of 600 mm. of 
mercury. 

Filtration was not allowed to continue for longer than twenty minutes. 

It will be observed that on this occasion the virus passed the L 13 candle. 
This particular candle had been used only once previously when on the pre- 
ceding day the virus of enzootic hepatitis was filtered and a culture of the 
organism of bovine pleuro-pneumonia was employed as a control. 
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Resistance of the virus. 


Montgomery found that in citrated blood the virus remained viable at a 
temperature of from 15-18°C., for periods of from 28 to 45 days. In oxalate- 
carbol-glycerine the period of survival under the same conditions was much 
shorter—between 8 and 14 days. Our experience shows that in the ice chest at 
+ 5°C. virus will survive in sodium citrate solution for at least 66 days. It is 
probable that virus in citrate solution is eventually destroyed as the result of 
the multiplication of contaminating organisms. In 0.c.c. at the same tempera- 
ture the virus has been proved to survive for at least 93 days. A series of tests 
carried out with virus stored in the ice chest in saline-citrate solution, in 0.c.G. 
and in the dried state is given in Table II. 


Table II. Survival of virus in the ice chest. 


Duration 
of Animals 
Medium used _ storage inoculated. 
Source of virus for storage in days Sheep No. Result Immunity test 
Blood of S. 3641 Saline citrate 47 3601 + Died 5th day _ 


3620 Immune 


3618 Died 8th day 
49 + 
3695 Died 8th day 


3683 + Typical reaction, recovered Immune 
” 52 3698 + Not tested 
3699 + ” ” ” 
” ” 64 3576 + ” ” ” 
s 3577 + ” ” ” 
” » 66 3580 + Died 9th day _ 
3753 + Typical reaction, recovered Not tested 
0.C.G. 93 3791 + Immune 
Blood of S. 3637 Saline citrate 98 3795 ~ Susceptible 
Blood of S. 2993 DriedoverH,SO, 18 3288 + Died 12th day — 
and powdered 
=: 3465 + Died 7th day _— 
= ” 3473 + Died 6th day _ 
143 3476 + Typical reaction, recovered § Immune 
” ” 3477 4+ Immune 
3756 Susceptible 
” ” 3754+ Susceptible 


The virus resists drying over sulphuric acid in vacuo. Coagulated blood 
dried in this manner in the refrigerator and subsequently powdered and stored 
in sealed ampoules was capable of producing infection without any lengthening 
of the incubation period or other evidence of attenuation, after 143 days. 
Other ampoules of the same blood were found to contain no virus when tested 
after twelve months (vide Table II). 


Precipitation of the virus with protein fractions. 
Attempts have been made to precipitate the virus of Nairobi sheep disease 


with the protein fractions of infective plasma. A saturated solution of ammo- 
nium sulphate buffered to pH 7-6 was used to throw down the fractions, which 


. 
” ” 
7 


SE 


sted 
tible 


R. DausnrEy J. R. Hupson 513 


were separated by centrifuging or filtration, or in the case of the albumen by 
a combination of these methods. The filtrate from each of the earlier fractions 
was afterwards saturated to the necessary degree to throw down the next 
fraction. 

The first experiment was a complete failure, and the plasma used was sub- 
sequently found to contain no virus. 

The results of the second experiment are shown in Table III. 


Table III. Precipitation of virus with proteins. 
Dose 


Degree of equivalent Sheep 
saturation Protein to plasma No. Result Immunity test 
One-quarter Fibrin 2 3780 Reacted Immune 
0-25 3790 Died Immune 
One-third Euglobulin 2 3793 Reacted Immune 
0-25 3776 Reacted Immune 
One-half Pseudoglobulin 2 3797 Reacted Immune 
0-25 3774 No reaction Immune 
Complete Albumin 2 3775 No reaction Reacted typically 
2 3777 No reaction Immune 


The result of this experiment indicates either that the virus comes down 
chiefly with the proteins of the fibrin and euglobulin groups and in less amount 
with the pseudo-globulin group, or that the higher concentrations of ammo- 
nium salt necessary to precipitate the last two fractions are deleterious to the 
virus. 

The record of another experiment, Table IV, shows quite clearly that the 
latter is the true explanation. 


Table IV. Precipitation of virus with proteins. 


Dose 
equivalent Sheep Immunity 
to plasma No. Result test 

C.c. 
Fibrin and both globulins 1 3810  Reacted Immune 
Albumin ... 2 3812 Noreaction Reacted 
Total protein (precipitated by complete ’ 
saturation of separate sample of plasma) 1 3814 Noreaction Reacted 


Table IV demonstrates that when the fibrin and globulins are precipitated 
together with the albumin by complete saturation the virus in all the fractions 
is destroyed. 

Destruction of the virus by the completely saturated solution of ammonium 
sulphate was quite unexpected since the virus of rinderpest, in all other 
respects a much more fragile virus, is unharmed by similar treatment. 


Immunity. 


In a recovering animal it is not possible as a rule to demonstrate the presence 
of virus in the blood later than 24 hours after the temperature reaction has 
33—2 
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the evening. Rising steadily, it reached its peak, 107°, on the morning of the 
fourteenth day. This reaction lasted altogether from 5 to 6 days, and there 
was another short reaction lasting 1 day on the eighteenth day (Chart V). There 
was some mucous nasal discharge on the sixteenth day, but otherwise the 
reaction was symptomless. 

Blood taken from 3429 on the sixteenth and eighteenth days at what was 
thought to be the height of the temperature reaction to heartwater was inocu- 
lated into a number of sheep. Blood on the sixteenth day was inoculated into 
sheep 3329, 3312, 3307, and 3450. The last three animals were again inoculated, 
together with sheep 3482, 3455, 3454 and 3426 on the eighteenth day. The 
results of the inoculations are shown in Table VII. 


No. of 
animal 


3329 


3312 


3307 


3450 


3482 


3454 


3426 


Table VII. Inoculations from sheep 3429. 


History 
Susceptible to Nairobi 


sheep disease and 
heartwater 


Immune to Nairobi 
sheep disease. (Re- 
acted 24. ii. 30.) Sus- 
ceptible to heartwater 


Immune to Nairobi 
sheep disease. (Re- 
acted 21. i. 30, tested 
4. ii. 30.) Susceptible 
to heartwater 


Immune to Nairobi 
sheep disease. (Re- 
acted 17. iii. 30.) Sus- 
ceptible to heartwater 


Susceptible to Nairobi 
sheep disease. To 
heartwater? 


Susceptible to Nairobi 
sheep disease. To 
heartwater? 


Immune to Nairobi 
sheep disease. (Re- 
acted 18. iii. 30.) Sus- 
ceptible to heartwater 


Immune to Nairobi 
sheep disease. (Re- 
acted 27. ii. 30, tested 
17. iii. 30) 


Date of inoculation 


13th day after in- 
fection 


13th and 15th days 
after infection 


13th and 15th days 
after infection 


13th and 15th days 
after infection 


15th day after in- 
fection 


15th day after in- 
fection 


15th day after in- 
infection 


15th day after in- 
fection 


Reaction to Nairobi 
sheep disease 


+ Ist to 5th day 


None 


+ 3rd to 6th day 


None 


+ 2nd to 8th day. 
Died, lesions of 
Nairobi sheep 
disease 


+ 2nd to 7th day. 
Died, lesions of 
Nairobi sheep 
disease 


None 


Doubtful reaction 


Reaction to heartwater 


+ 14th to 18th day. 
Died. Post-mortem 
lesions of heartwater 
and old Nairobi sheep 
disease + Rickettsia 

+ 13th to 18th day. 
Destroyed. Post-mor- 
tem lesions of heart- 
water + Rickettsia 

+ 14th to 19th day. 
Died. Post-mortem 
lesions of heartwater 
and old Nairobi sheep 
disease + Rickettsia 


+ 15th to 19th day. No 
symptoms 


Post-mortem. No 
Rickettsia or lesions of 
heartwater 


Post-mortem. No 
Rickettsia or lesions of 
heartwater 


+ 14th to 19th day. 
Died. Lesions of heart- 
water + Rickettsia 


Doubtful reaction 


From an examination of Table VII it is evident that the virus of Nairobi 
sheep disease was present in the blood of sheep 3429 during the reaction to 
heartwater, although this animal had recovered from Nairobi sheep disease 
more than 2 months previously and had resisted a subsequent immunity test. 
The reactions listed in columns 4 and 5 of the table were confirmed as those of 
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Nairobi sheep disease and heartwater respectively by subinoculation into 
known immune and susceptible sheep. 

The question arises as to whether sheep 3429 suffered a relapse to Nairobi 
sheep disease or whether it could possibly have been infected by the ticks used 
in the heartwater experiment. The history of the ticks used to infect 3429 gives 
quite definite information on this point. The nine nymphae had been raised as 
larvae on sheep 3309 during his reaction to heartwater produced by the inocu- 
lation of virulent blood. At the time of feeding the larval ticks sheep 3309 was 
susceptible to Nairobi sheep disease, as was subsequently proved by an inocu- 
lation of Nairobi sheep disease virus 4 weeks after his recovery from heartwater. 
The adult Amblyomma of which these larvae were the progeny had been fed on 
calves. One must conclude therefore that the virus had remained somewhere 
in the system of sheep 3429 for more than 2 months, in spite of the fact that 
usually the virus cannot be detected in the blood after the temperature is over. 


Table VIII. Inoculation of nymphae fed on sheep 3434 
during the reaction to virulent blood. 
Number 


Period after of sheep Animal’s 
dropping Stage reached _ inoculated number Result Immunity test 
2% hours 6 Nymphae 6 3470 + Immune 
48 hours ‘“ 6 3480 + Died 6th day — 
72 hours e 6 3481 + Died 5th day — 
6 3442 + Immune 
{8 3447 + Immune 
9 days ‘ 6 3351 + Died 6th day _ 
20 days Moulting nymphae 6 3461 + Died 7th day -= 
After completion of moult. 
50 days Adults 6 3641 + Immune 
Salivary gland 3727 + Immune 
80 days Adults 6< Gut and Malpighian 
tubules 3728 - Susceptible 


In contrast the behaviour of 3329, the first animal in Table VII, might be 
examined (Chart VI). Blood taken from sheep 3329 during the first reaction 
infected an animal susceptible to Nairobi sheep disease and failed to infect 
immune animals: it did not produce heartwater in any of the animals. 
Blood taken during the second reaction which terminated fatally did not in any 
instance produce Nairobi sheep disease in four susceptible and two immune 
animals, but produced heartwater in four sheep susceptible to this disease. 

The virus obtained from sheep 3429 during the relapse was exceptional in 
that it was able to break down the immunity of sheep 3307 less than 4 months 
after its recovery from Nairobi sheep disease. It behaved similarly on inocula- 
tion into sheep 3426 less than 3 months after recovery, although here the 
reaction was not controlled. 

At a later date sheep 3429 was inoculated with Nairobi sheep disease virus 
and heartwater virus. He proved immune to both. 
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No. of 
animal 


3329 


3312 


3307 


3450 


3482 


3455 


3426 
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the evening. Rising steadily, it reached its peak, 107°, on the morning of the 
fourteenth day. This reaction lasted altogether from 5 to 6 days, and there 
was another short reaction lasting 1 day on the eighteenth day (Chart V). There 
was some mucous nasal discharge on the sixteenth day, but otherwise the 
reaction was symptomless. 
Blood taken from 3429 on the sixteenth and eighteenth days at what was 
thought to be the height of the temperature reaction to heartwater was inocu- 
lated into a number of sheep. Blood on the sixteenth day was inoculated into 
sheep 3329, 3312, 3307, and 3450. The last three animals were again inoculated, 
together with sheep 3482, 3455, 3454 and 3426 on the eighteenth day. The 
results of the inoculations are shown in Table VII. 


Table VII. Inoculations from sheep 3429. 


History 
Susceptible to Nairobi 
sheep disease and 
heartwater 


Immune to Nairobi 
sheep disease. (Re- 
acted 24. ii. 30.) Sus- 
ceptible to heartwater 


Immune to Nairobi 
sheep disease. (Re- 
acted 21. i. 30, tested 
4. ii. 30.) Susceptible 
to heartwater 


Immune to Nairobi 
sheep disease. (Re- 
acted 17. iii. 30.) Sus- 
ceptible to heartwater 


Susceptible to Nairobi 
sheep disease. To 
heartwater? 


Susceptible to Nairobi 
sheep disease. To 
heartwater? 


Immune to Nairobi 
sheep disease. (Re- 
acted 18. iii. 30.) Sus- 
ceptible to heartwater 


Immune to Nairobi 
sheep disease. (Re- 
acted 27. ii. 30, tested 
17. iii. 30) 


Date of inoculation 


13th day after in- 
fection 


13th and 15th days 
after infection 


13th and 15th days 
after infection 


13th and 15th days 
after infection 


15th day after in- 
fection 


15th day after in- 
fection 


15th day after in- 
infection 


15th day after in- 
fection 


Reaction to Nairobi 
sheep disease 


+ Ist to Sth day 


None 


+ 3rd to 6th day 


None 


+ 2nd to 8th day. 
Died, lesions of 
Nairobi sheep 
disease 


+ 2nd to 7th day. 
Died, lesions of 
Nairobi sheep 
disease 


None 


Doubtful reaction 


Reaction to heartwater 


+ 14th to 18th day. 
Died. Post-mortem 
lesions of heartwater 
and old Nairobi sheep 
disease + Rickettsia 

+ 13th to 18th day. 
Destroyed. Post-mor- 
tem lesions of heart- 
water + Rickettsia 

+ 14th to 19th day, 
Died. Post-mortem 
lesions of heartwater 
and old Nairobi sheep 
disease + Rickettsia 


+ 15th to 19th day. No 
symptoms 


Post-mortem. No 
Rickettsia or lesions of 
heartwater 


Post-mortem. No 
Rickettsia or lesions of 
heartwater 


+ 14th to 19th day. 
Died. Lesions of heart- 
water + Rickettsia 


Doubtful reaction 


From an examination of Table VII it is evident that the virus of Nairobi 


sheep disease was present in the blood of sheep 3429 during the reaction to 
heartwater, although this animal had recovered from Nairobi sheep disease 
more than 2 months previously and had resisted a subsequent immunity test. 
The reactions listed in columns 4 and 5 of the table were confirmed as those of 
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Nairobi sheep disease and heartwater respectively by subinoculation into 
known immune and susceptible sheep. 

The question arises as to whether sheep 3429 suffered a relapse to Nairobi 
sheep disease or whether it could possibly have been infected by the ticks used 
in the heartwater experiment. The history of the ticks used to infect 3429 gives 
quite definite information on this point. The nine nymphae had been raised as 
larvae on sheep 3309 during his reaction to heartwater produced by the inocu- 
lation of virulent blood. At the time of feeding the larval ticks sheep 3309 was 
susceptible to Nairobi sheep disease, as was subsequently proved by an inocu- 
lation of Nairobi sheep disease virus 4 weeks after his recovery from heartwater. 
The adult Amblyomma of which these larvae were the progeny had been fed on 
calves. One must conclude therefore that the virus had remained somewhere 
in the system of sheep 3429 for more than 2 months, in spite of the fact that 
usually the virus cannot be detected in the blood after the temperature is over. 


Table VIII. Inoculation of nymphae fed on sheep 3434 
during the reaction to virulent blood. 


Number 
Period after of sheep Animal’s 
dropping Stage reached _—inoculated number Result Immunity test 
24 hours 6 Nymphae 6 3470 + Immune 
48 hours a 6 3480 + Died 6th day — 
72 hours as 6 3481 + Died 5th day — 
6 3442 + Immune 
{8 3447 Immune 
9 days ‘i 6 3351 + Died 6th day — 
20 days Moulting nymphae 6 3461 + Died 7th day — 
After completion of moult. 
50 days Adults 3641 + Immune 
" (ie gland 3727 + Immune 
80 days Adults 
3728 - Susceptible 


In contrast the behaviour of 3329, the first animal in Table VII, might be 


examined (Chart VI). Blood taken from sheep 3329 during the first reaction 
infected an animal susceptible to Nairobi sheep disease and failed to infect 
immune animals: it did not produce heartwater in any of the animals. 
Blood taken during the second reaction which terminated fatally did not in any 
instance produce Nairobi sheep disease in four susceptible and two immune 
animals, but produced heartwater in four sheep susceptible to this disease. 

The virus obtained from sheep 3429 during the relapse was exceptional in 
that it was able to break down the immunity of sheep 3307 less than 4 months 
after its recovery from Nairobi sheep disease. It behaved similarly on inocula- 
tion into sheep 3426 less than 3 months after recovery, although here the 
reaction was not controlled. 

At a later date sheep 3429 was inoculated with Nairobi sheep disease virus 
and heartwater virus. He proved immune to both. 
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Chart VI. Nairobi sheep disease reaction followed by heartwater 
reaction on the 14th day. 
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THE VECTOR. 


Montgomery proved that in nature the disease was transmitted by ticks, 
and that spread by contagion could not occur. He was successful in effecting 
transmission on four occasions with adult Rhipicephalus appendiculatus col- 
lected as nymphae from naturally-infected sheep. With ticks reared in the 
laboratory he was able twice to infect sheep with adult R. appendiculatus that 
had been fed in the nymphal stage on sheep reacting to experimental inocula- 
tion. In a single instance he obtained infection with larvae reared from an 
adult female that had fed on a reacting sheep. In view of the failure of the 
larvae to infect in other similar experiments he considered this result to be 
doubtful and to require confirmation. 

His attempts to infect animals with nymphae that had fed as larvae on 
reacting sheep invariably failed, as did also experiments with nymphae and 
adults which, two instars previously, had been fed on reacting animals; but 
which in the immediately preceding stage had fed on immune animals. 

It is only within comparatively recent times that transmission of filtrable 
virus diseases of animals by arthropod vectors has been proved, and Nairobi 
sheep disease is the only one of these virus diseases that is transmitted by 
ticks. Any information as to the actual details of transmission is likely there- 
fore to be of general interest. 


Transmission by adult ticks. 

We have been able to confirm the results obtained by Montgomery who 
effected transmission with adults of Rhipicephalus appendiculatus infected as 
nymphae by feeding on sheep reacting either to natural or to experimental 
infection. The two examples given below will serve to illustrate this method of 
transmission. 

Natural infection. A few nymphae were collected from a native sheep which 
was brought to the laboratory in extremis and was proved by post-mortem 
examination and by subinoculation to be suffering from Nairobi sheep disease. 
From the nymphae, which moulted a month later, a single male and three 
females R. appendiculatus were obtained. These four ticks were placed on the 
ear of sheep 3202 on February 17th, 1930. The male was observed to be feeding 
on the third morning after infestation, but the females had not become attached. 
On the fourth morning two of the females were dead while on the sixth morn- 
ing the male was still feeding, but the remaining female had not begun to feed 
and was therefore removed. The temperature of 3202 rose to 105-6 on this day 
and he developed a typical reaction to Nairobi sheep disease terminating in 
recovery. On the eighth and ninth days he was reluctant to rise and his respira- 
tions were rapid. On the ninth day his stool was mushy and contained a little 
blood. Subinoculation of his blood into susceptible and immune sheep con- 
firmed the diagnosis, and the animal proved immune to test inoculations of 
virulent blood 1 month and 5 months later. 
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Experimental infection. Larvae and nymphae, the progeny of ticks fed on 
cattle, were placed on sheep 3325 on January 29th, 1930. The animal was inocu- 
lated two days later with virulent blood from sheep 3288. After an incubation 
period of 48 hours sheep 3325 developed a typical temperature reaction 
accompanied by symptoms. 

From nymphae that dropped during the temperature reaction a number of 
adults was obtained. On April 28th three females and one male were placed on 
the ear of sheep 3358. On the following morning one female was observed to 
be feeding. The two remaining females and the male did not attach themselves 
until between the sixth and seventh mornings. In the meantime on the fifth 
day sheep 3358 commenced to react. The temperature reaction lasted from then 
until the tenth day and the animal recovered without manifesting any other 
symptoms. Subinoculations into susceptible and immune sheep proved the re- 
action to be due to Nairobi sheep disease and 3358 resisted an inoculation of 
virulent blood 2 months later. 


Transmission by nymphal ticks. 


Experimental infection. Nine of the larvae referred to on line 1, this 
page, which were fed on sheep 3325 during the reaction, were used after 
moulting to infect sheep 3306 on March 10th. This animal developed a typical 
thermal reaction commencing 72 hours after tick infestation. The nature of the 
reaction was confirmed by subinoculation into susceptible and immune sheep, 
and sheep 3306 subsequently proved to be immune when subjected to a test 
inoculation. 

The failure of nymphs to transmit the disease in Montgomery’s experiments 
is probably related to difficulty in inducing the first two instars to feed well on 
the ears of sheep. Normally these stages feed on the hairy face of sheep, and 
unless the ear is so tightly tied as to render it oedematous the ticks appear to 
have difficulty in obtaining a sufficiently rapid supply of blood to enable them 
to complete their feed in the normal period. Further, many of the ticks are 
disabled by wax which accumulates in the ear in spite of previous washing. 


Transmission by larval ticks. 


Experimental infection. Adult ticks that, during a previous generation, had 
been fed on cattle were allowed to feed on sheep 3682, in which a reaction was 
provoked by inoculation of virulent blood. Larvae, the progeny of females 
that dropped the day before sheep 3682 commenced to react, were fed on sheep 
3748, which did not react, although it was afterwards proved to be susceptible. 
Larvae reared from females that dropped towards the end of the reaction were 
fed on sheep 3744 and 3752 on separate occasions. Sheep 3744 reacted on the 
fifth day and died of Nairobi sheep disease on the ninth day. Post-mortem the 
lesions were typical of an early case. Sheep 3752, infected 1 month later, 
reacted on the fifth day and recovered without any othersymptoms. Thenature 
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of the reaction in each case was confirmed by subinoculation into susceptible 
and immune sheep. 

This observation confirms a similar result obtained by Montgomery with 
larvae. Since he was able to transmit by larvae in a single case only, Mont- 
gomery considered that before transmission through the egg could be accepted 
it required further confirmation. 


Reinfection of transmitting stages. 

Our experience over a fairly large series of experiments is that the trans- 
mitting stage of the tick, after infecting a sheep, loses its infection if it drops 
before the commencement of the temperature reaction which it has itself 
provoked. If however the incubation period of the disease should be so short 
that the reaction commences before the transmitting stage has finished its feed 
some infective blood is taken into the gut and the tick is again infective through 
the next instar. The following experiments will illustrate the behaviour of 
vector and virus in this respect. 


Sheep 3744. 
Infected by larvae. 
Temperature reaction 
Moulted nymphae | | | _Moulted nymphae 
Sheep 3745 Sheep 3747 Moulted nymphae Sheep 3773 
| + 
Susceptible Susceptible Sheep 3755 Immune when 


when tested when tested tested 


Immune when tested 


Note. The figures in heavy type represent the period during which the temperature reaction 
was observed. 


Sheep 3773. 
Infected by nymphae (vide supra). 
Reaction 
Days 1 2 3 ‘4 6 7 8 9 10 
Moulted adults 
Sheep 3503 reacted 


+ 
Immune when tested 


We are unable to provide, from the series in which reinfection occurs, ex- 
amples of nymphae and adults failing to become reinfected when dropping 
before the commencement of the reaction provoked by the previous instar. It 
can be stated, however, that the usual course in laboratory experiments is 
for the infecting stages to drop before the reaction commences, and that in the 
succeeding stage the ticks have invariably been found to be uninfected. In the 
series illustrated the virulence of the virus appears to have been exalted by 
repeated passage and its incubation period correspondingly shortened to a 
point at which it becomes extremely difficult for the last two stages to engorge 
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completely before the reaction commences. This short series of feeding experi- 
ments in which infection is maintained from the adults infected by feeding on 
sheep 3682 to the adult stage of the succeeding generation demonstrates that 
under suitable conditions the process of reinfection may result in the pro- 
vision of several successive stages all of which are infective, and that the 
tick may thus serve as a reservoir for the virus. 


Effect of feeding a transmitting stage on an immune sheep. 


Infective unfed larvae, proved infective by feeding portions of the same batch 
on sheep 3744 and 3752 (vide swpra), were fed on immune sheep 3793, which did 
not react. Daily inoculation of blood from sheep 3793, into a susceptible sheep 
3786 proved that virus was not present in the blood of 3793 during or after the 
feeding of the ticks. About 150 of the engorged larvae collected on the day of 
dropping from sheep 3793 were inoculated into sheep 3772, which reacted 
typically and acquired immunity. The remaining larvae were allowed to moult, 
and 40 of the unfed nymphae were emulsified in saline and inoculated into 
sheep 3376, which did not react and was afterwards proved susceptible. About 
160 of these flat nymphae were then fed, half on sheep 3846 and half on sheep 
3848. Neither of these animals reacted, and both were susceptible when tested 
after the experiment by a subcutaneous injection of virus, sheep 3846 dying of 
the disease. 

Inoculation of infected ticks. 

In earlier experiments inoculation of fed nymphae failed to produce any 
reaction although adults moulted from these nymphae were able to reproduce 
the disease by feeding. There was some indication that the inoculated animals 
had acquired some degree of immunity from the inoculation. Later experi- 
ments showed that engorged nymphae, fed during a reaction, remained in- 
fective by inoculation from the time of dropping up to the time of feeding of 
the next instar. Table VIII (p. 517) illustrates a series of inoculations of such 
infected nymphae. It will be noticed that in the last two inoculations in the 
table the salivary gland of the infective adult proved infective by inoculation 
and that the gut and malpighian tubules from the same ticks failed to infect. 
Other attempts have failed to produce infection with either salivary gland 
gut, or but in no case have we been able to obtain infection with gut and 
malpighian tubules of the moulted tick. 


Discussion. 


It has been possible to confirm completely Montgomery’s findings as to the 
existence of the specific virus disease called by him Nairobi sheep disease. 
Clinical features and post-mortem lesions should together be sufficient to 
arouse suspicion as to the nature of any outbreak occurring in country where 
the vector, Rhipicephalus appendiculatus, is abundant; and diagnosis can 
finally be confirmed by the inoculation of susceptible sheep. 
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During the last few years in Kenya the disease has failed to attract attention, 
but it has nevertheless been present all the time. The chief reason why the 
disease has escaped recognition is perhaps the change that has occurred in the 
fat sheep trade in Nairobi. Formerly comparatively large numbers of native 
sheep, many of which had been raised in areas free from R. appendiculatus, 
were collected in and around Nairobi and held on pasture land infected with 
R. appendiculatus until they could be absorbed by the market. To-day sheep 
for the fat stock market are largely brought to Nairobi by rail or car and 
slaughtered immediately. What little native sheep trade still survives is in- 
sufficient to induce native dealers or flockowners to travel flocks long distances 
by road from the uninfected areas and to hold them in readiness for the 
market on infested lands near Nairobi. 

There does not seem to be any abatement in the incidence of the disease in 
the infected reserves around Nairobi, but in such areas most sheep are attacked 
during the first year of life and either succumb to the infection or acquire a 
lasting immunity. Natives in these reserves know that sheep brought long 
distances from uninfected areas will commonly die of the disease soon after 
arrival and they therefore exercise caution with regard to importations. 

A feature of great ecological interest in this connection is the remarkable 
distribution in this country of the vecting tick, Rhipicephalus appendiculatus, 
which is also the common vector of East Coast fever. The colony can be divided 
into certain quite sharply delimited areas, in which East Coast fever is pre- 
valent, and into other areas from which this disease is normally absent. In the 
former areas R. appendiculatus is the tick commonly found on cattle and sheep, 
while in the latter itis absent. In the former, termed for convenience the 
East Coast fever enzootic or “dirty” areas, all undipped adult cattle are 
immune to East Coast fever, and practically all adult sheep and goats are 
equally immune to Nairobi sheep disease. A soil map of the colony would 
reveal a striking agreement in extent between the chocolate forest loam forma- 
tion and these “dirty” areas. R.appendiculatus is the preponderating species of 
tick only on the chocolate loam. This connection between soil formation and tick 
species is further borne out by the existence of small isolated areas of chocolate 
soil formation, from which East Coast fever has proved over long periods 
difficult or impossible to eradicate by ordinary methods, while at the same 
time the disease has not evinced any serious tendency to spread to surrounding 
areas of different soil formation. Another species of tick with almost an equal 
predilection for a particular soil formation is Rhipicephalus pulchellus, a 
plains species, thriving particularly on black cotton soil where it is always the 
preponderating species. One result of this well-defined species distribution is 
that it is always possible to obtain from the “clean” areas sheep susceptible 
to Nairobi sheep disease. The Narok area is such a “clean” area and most of 
the sheep used in these experiments have been purchased from Masai in the 
Narok district. These Masai sheep have invariably proved susceptible to 
Nairobi sheep disease, although immune to heartwater. 
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The suggestion has been made that Montgomery in 1917 was in reality 
dealing with heartwater, and that he failed to recognise this disease. While it is 
not considered worth while to record in detail experiments undertaken at the 
outset to settle this point, it can be stated that large numbers of the animals 
used in these experiments have been infected with both viruses. The record of 
the reaction of sheep 3429 (page 514) and of the subsequent inoculations from 
this animal is alone sufficient to prove the existence of two separate diseases. 
There are of course differences in the incubation period, the clinical history, the 
post-mortem lesions, the susceptible species, the vectors, and the characters 
of the two viruses. 

Up to the present this is the only filtrable virus disease in which the virus 
has been proved to pass in the vector from the adult to the larval stage through 
the egg. A further point of interest is the fact that infection in the vector is 
retained only to the next succeeding stage, unless a second meal of infective 
blood is obtained before completion of the transmitting feed, which will ensure 
a carry-over of infection for a further stage. 

Infective ticks fed on an immune animal are still infective by inoculation when 
they drop fully engorged. Their infection is then lost some time before they are 
ready to feed again. Virus in moulted ticks that in the previous stage have 
obtained a meal of infective blood appears to be confined to the salivary glands. 
After the transmitting feed, whether on an immune or a susceptible animal, 
this salivary gland infection dies out, probably during the moult: a fresh in- 
fection of the newly-formed salivary glands will however take place if a 
fresh infection of the gut contents occurs. 


REFERENCE. 
Montcomery, R. E. (1917). J. Comp. Path. and Therap. London, 30, 28. 
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ON THE BIOLOGY OF THE PIGEON FLY, 
PSEUDOLYNCHIA MAURA BIGOT (DIPTERA, 
HIPPOBOSCIDAE). 


By G. ROBERT COATNEY. 
Department of Zoology, Iowa State College. 


INTRODUCTION. 


Our knowledge concerning the biology of the Hippoboscidae is but fragmen- 
tary at best. Pratt (1893 and 1899) and Berlese (1901) have described the 
embryology of the sheep ked, Melophagus ovinus, and Swingle (1913) has 
determined the incubation period of its pupae and many other points in its 
biology. Hase (1927), in his study of Hippobosca equina, has given excellent 
descriptions of the movements, heart beat, and the process of biting and 
sucking, as well as of the effect of these bites on man. Stekhoven Jr. (1926), 
working in the Dutch East Indian Archipelago with H. maculata and H. equina, 
discussed many new and interesting points in regard to these species. O’Roke 
(1930) has contributed all that is known regarding the biology of the quail fly, 
Lynchia hirsuta. The pigeon fly, Pseudolynchia maura Bigot, has been the 
subject of many investigations since the Sergents (1906) showed it to be 
the vector of Haemoproteus columbae Kruse. Additional facts concerning the 
biology of this fly have been supplied by Massonnat (1910), Adie (1915), 
Bishopp (1929), Drake and Jones (1930) and others. It can be seen from the 
foregoing that little is known regarding the biology of the Hippoboscidae. 
It was with the hope of adding some new facts to the biology of Pseudolynchia 
maura that this investigation was undertaken. The writer wishes to express 
his thanks to Dr C. O. Eddy, formerly of Clemson College, South Carolina, for 
his kindness in securing flies and pupae at his station. 


DISTRIBUTION. 


The pigeon fly is cosmopolitan in its distribution, having been reported from 
Europe, Northern Africa, India, South America, and the Philippine Islands. 
According to Bishopp (1929), it reached the shores of the United States in 
about 1896, where it has since proved to be an important pest in many 
pigeonries. 

Pupa AND PUPATION PERIOD. 

This fly is viviparous, the mature whitish larvae (prepupae), each bearing a 
black post-abdominal spiracular plate, being deposited singly by the female. 
In from 2 to 3 hours, the colour of the larvae changes from white to a yellowish 
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brown and finally to a shining black, when it is known as a true pupa. If the 
larva is tampered with before it has entirely pupated, it will, in most cases, 
fail to yield an imago. In my observation on more than fifty larvae which had 
been prematurely handled, only one yielded an imago; and out of 22 of these 
pupal cases which were opened for examination, only two showed any sign of 
development and this had been arrested early. Stekhoven (1926) reports 
similar results with H. maculata, for out of 60 larvae of this species pre- 
maturely handled none came to maturity. 

The larvae of P. maura are usually deposited between 7 and 11 a.m., but 
seldom later in the day. If the larvae are allowed to pupate normally, the 
imagines will emerge in from 25 to 31 days if kept at laboratory temperature. 
If the temperature be higher, the time will be shortened a few days. 


SEx RATIO. 


Out of a total of 221 imagines bred in the laboratory, 96 (42-9 per cent.) 
were males and 125 (57 per cent.) were females. It appears, therefore, that the 
sexes are produced in about equal numbers. 


OFFSPRING PER FEMALE AND LONGEVITY. 


In order to obtain data on the number of offspring per female and on 
longevity, a number of flies of known sex and age were placed in a screened 
cage with an adult pigeon. Since the Sergents (1906) and others had noted that 
pigeons rid themselves of the flies by catching and eating them, a pasteboard 
collar, with a hole for the insertion of the head, was fastened to the wings of the 
bird. This prevented the bird from reaching the body feathers and catching the 
flies. After several trials this method had to be abandoned, since in some cases 
the bird succeeded in loosening the collar and was then able to catch the flies. 
Other difficulties were encountered in keeping accurate data on the number of 
pupae deposited, since the pupae were deposited among the litter of the cage 
and were therefore hard to discover. Also, the length of life had to be some- 
thing of a guess because it is rather difficult to discover and count the flies 
among the feathers of the bird, and when the bird is handled the flies often 
easily escape. 

Another method was to place a number of flies of known sex and age in 
small glass jars fitted with wire-cloth tops through which they could feed. 
The breast or back of the bird was then plucked free of feathers, and the 
screened jar was placed next to the bird’s skin twice daily, generally in the 
mid-morning and late afternoon, to allow the flies to take blood. It was hoped 
that this method would yield more accurate results, but it was abandoned as 
soon as it was learned that the flies would not live in these jars longer than 
5 days. 

Finally, a small breeding cage was devised which could be fastened to the 
wings with a small wire so that it would rest directly on the skin of the back 
after the removal of the feathers. These cups were of brass and measured 1} in. 
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in diameter and # in. in height. The screw top and the bottom were fitted with 
screen wire to allow feeding and observation of the flies. Since it was 10 days 
or more after the first feathers were removed before new ones grew out far 
enough to raise the cage off the skin, it became an easy matter to keep the flies 
during their whole life-span by periodically removing the new feathers. 
Unless otherwise stated, all the flies used in the following experiments were 
hatched in the laboratory and were not fed until the experiments were begun. 


Exp. 1, 29. ix. 30. Six newly hatched flies were placed in the breeding cage on bird 15. 
After 10 days two flies escaped, and on the following day two more escaped owing to the 
faulty cage construction. This experiment was stopped after 11 days. 

Exp. 2, 13. x. 30. Four females and three males were introduced into the cage on bird 15. 
Two males escaped 4 days later when the bird succeeded in pushing the wires of the screen 
far enough apart to allow them to escape. The pasteboard collar, described above, was placed 
on the bird to prevent this happening again. The flies were seen copulating on the seventh 
day, the first pupa being deposited on October 29th and the last on December 9th. A total 
of 23 pupae was deposited (4-75 pupae per female). The male was still alive after 31 days 
when the experiment ended. The first female died at the end of 17 days, and the last one at 
the end of 28 days. 

Exp. 3, 26. xii. 30. Seven females and three males were placed in the cage on bird 15. The 
pupae were deposited on the eighth day and the last on 7. ii. 31. A total of 40 pupae was 
deposited (5-7 pupae per female). The first fly, a male, died after 14days and the last, a female, 
died after 48 days. 

Exp. 4, 12. ii. 31. Three males were placed in the cage on bird 15. One died after 25 days, 
another after 29 days, and the last lived 47 days. 


From the foregoing observations it would seem that females normally 
deposit from four to five pupae and that both sexes may live for upwards 
of 45 days. 


BREEDING PLACES. 


Mating generally begins while the flies are on the host. The female spreads 
her wings widely, then the male holds on to her neck with his forelegs and bends 
his abdomen ventrally to insert the penis. The male makes rhythmical move- 
ments with the abdomen while encopula. The flies usually leave the bird 
during copulation and retire to some darkened corner or crack, where the female 
deposits her offspring, although I have observed single females deposit larvae. 
Bishopp (1929) says the pupae are generally deposited while the flies are on 
the birds, and gives this as the reason for finding more pupae in the nests 
than elsewhere. In my experience with caged birds, pupae have never been 
collected from the part of the cage where the birds sat or roosted unless it 
happened to be a darkened corner, or unless something was provided for the 
flies to crawl under, and there to deposit their larvae. From the observations 
of Drake and Jones (1930) made in the dovecots at Clinton and Ames, Iowa, by 
far the greater number of pupae were collected from underneath the sliding 
trays of the nests where accumulations of dirt kept the tray from lying flat 
against its support. Only a few pupae were collected from the actual material 
in the nests. 
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Hosts. 


The host of Pseudolynchia maura is the domestic pigeon, although it has 
been reported from a ringdove in Nyasaland and from the owl (Strix flammea) 
in Portuguese East Africa, according to Bishopp (1929). Massonnat (1910) 
says that Lynchia maura may be found on birds of prey, but such cases are 
only accidents, and occurred only because the preying birds had killed the 
pigeons and the parasite had temporarily taken refuge on the bird of prey. 
Drake and Jones (1930) state that pigeon blood “is absolutely essential for the 
life of the fly.” In order to see if the fly could live on birds other than the 
pigeon, experiments were made with the domestic chicken as follows: 


EXPERIMENTS WITH CHICKENS. 


Exp. 1, 23. xii. 30. Seven flies (five of which hatched late on the afternoon of Dec. 21) 
were placed in a breeding cage fastened to the back of a white leghorn hen, as described above. 
They were all dead the following morning and it was supposed that they had failed to recover 
from the ether anaesthesia. 


Exp. 2, 25. xii. 30. Seven flies (4 2 and 3 3) were placed in the cage on the white leghorn 
chicken. 

On Dec. 31, one male died. 

On Jan. 1, one larva dropped. 

On Jan. 2, one larva dropped. 

Both of these larvae pupated, although they were continually disturbed by the ordinary 
movements of the bird. Since it had been shown by previous experiments that the larvae 
should not be disturbed while pupating, if they are to produce living imagines, it was decided 
to turn the flies loose on the chicken where they could deposit their larvae under boards in 
the cage. Two flies were encopula when released from the breeding cage. 

On Jan. 8, only one fly, a dead one, could be found and it was supposed that the chicken 
had either eaten or killed the others. The chicken was later seen on two different occasions 
catching and eating the flies which were placed in the cage. 

Feb. 1, an imago emerged from one of the pupae, giving an incubation period of 30-31 days. 


Exp. 3, 26. ii. 31. Four flies (3 2 and 1 3) were put into the breeding cage on a brown 
speckled bantam hen. This bird was used in preference to the white leghorn since the flies 
could not be seen as easily among its feathers as among those of the white one. 

Dec. 27, two flies ($ and 2) were added to those already in the cage. 

Jan. 1, three (2 9 and 1 3) more flies were added, making nine (5 2 and 4 3) in all. 

Jan. 5, 8 days after the first flies were placed in the cage, a larva was dropped. 

Jan. 6, two females were seen with the spiracular plate of the larvae at the vaginal orifice. 
These were removed to small shell vials where the larvae would not be disturbed until they 
had time to pupate. Both larvae were deposited within the hour and the flies returned to the 
cage. 

Feb. 9, all flies were dead; cne pupa in the cup. The cage had come loose from the left 
wing of the bird and was left swinging on the right side. The flies, being away from the warm 
skin of the bird, had probably died from too low a temperature, since the temperature in the 
laboratory fell during the night. Of the four pupae collected, one hatched in 35 days. The 
rest were broken open after 40 days and it was found that one contained a living imago which 
was probably too feeble to emerge. 
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Exp. 4, 13. ii. 31. Four flies (3 2 and 1 3) were placed in the cage on the bantam hen. 

Feb. 14, a female was added. 

Feb. 16, two males were added. 

Feb. 20, the flies were turned loose in the large cage after the chicken was fitted with a wire 
collar to prevent her from putting her head among the feathers and catching the flies. The 
collar was made of soft wire, one loop passing around the left wing next to the body and then 
across the back to form another loop around the right wing, and then passing along the neck, 
which was stretched out to about % its length, to make a third loop just back of the head. 

Feb. 21, a pupa was collected near the door. 

Feb. 22, one pupa was collected. 

Feb. 23, one pupa was collected. 

No more pupae were collected although the flies were seen on the bird up to March 28. 
The three pupae collected from the cage hatched in 32, 33 and 35 days, respectively. 


The foregoing experiments indicate that Pseudolynchia maura may live for at 
least 15 days on the chicken and will deposit larvae by the eighth day which 
will pupate and produce living imagines. 


EXPERIMENT WITH MOURNING DOVE. 


Bishopp (1929) reports that members of the Bureau of Entomology have 
repeatedly examined doves for the presence of this fly, but to date it has not 
been taken on this bird. Bishopp, however, expressed the belief that the insect 
might live on the dove. With this in mind it was decided to make a test experi- 
ment. Five flies (39 and 23) were placed in the cage with a mourning dove 
(Zenaidura macrura carolinensis) on 26. i. 31. The first object was to learn 
whether or not the dove would catch or eat the insects. The hungry flies soon 
settled on the bird and disappeared among the feathers. It was a surprise to us 
that the bird took no notice of these insects, since one fly on a pigeon that has 
been free from the parasites for some time will often cause great agitation. 
Many pigeons with two or more flies on them will literally “dance a jig” in 
trying to rid themselves of these crawling pests. Chickens also evince some 
uneasiness until they become accustomed to the flies, but not so much as the 
pigeon. 

Jan. 27, one fly escaped when the cage was opened in order to feed and care for the bird. 
Later in the morning four females were released in the cage, and even with eight flies among 
the feathers of the bird it seemed to evince no concern. 

Feb. 2, the first pupae were collected. Altogether, 20 were taken in the next 20 days. 
Ail these pupae yielded imagines in from 35 to 41 days. If any of the pupae were accidentally 
dropped in the cage near the bird while being collected, they were promptly eaten. Pupae 
were repeatedly offered to pigeons and chickens, but they did not take them. 

The uncaged flies lived on the dove for 44 days. In the experiments with caged pigeons it 
was seldom that a fly would live free on the birds for as long as 44 days, for it was usually 
caught, as stated above. The flies could not be kept free on the chicken longer than 16 days. 


The foregoing experiment indicates that the dove should serve for a host as 
well as, if not better than, the pigeon. Just why chickens and doves do not 
harbour the flies naturally presents an interesting puzzle, 
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EXPERIMENTS ON MAN. 


Just what causes the irritation to the host, 7.e. whether it is the pain ex- 
perienced by the biting of the fly or the tickling sensation produced by the fly 
moving rapidly among the feathers or hair, has long been a question among 
students of the Hippoboscidae. Hase (1929) allowed Hippobosca equina to bite 
him on the arm, leg, head and hand. He concluded that the biting seldom 
produces any pain, but, if a slight pain was felt, it was probably due to the 
haustellum hitting a nerve, but even this pain is transitory. Bishopp (1929) 
states: “In some cases bites have resulted in marked swelling, stiffness in the 
joints, and soreness in the parts attacked, symptoms which may persist for 
from 1 to 3 days.” 

Exp. 1, 3. ix. 30. (a) During the afternoon three hungry flies were placed on my left fore- 
arm, but none sucked blood. Since it was a warm day and the skin continued to give off 
perspiration, it was thought that the flies might be induced to bite when placed on a dry skin. 
After the arm was washed in cool water and dried carefully, the three flies were again placed 
on it, with the following results: 

(5) Six flies all sucked blood for from 1} to 10 minutes without causing pain. The only 
unpleasant sensation was felt when the flies moved among the hairs of the arm while seeking 
a place to insert the haustellum. 

4. ix. 30. The seat of each of the bites inflicted on the previous day showed a bright red 
raised area (or wheal) measuring 5-8 mm. in diameter, each wheal being surrounded by a 
splotchy area of erythema measuring 18-22 mm. The seats of all the bites were very pruritic, 
especially during the evening and early morning, for a period of 6 days. The itching 
sensation was confined to the wheals. 

The forearm continued sore, with some swelling, from 18 hours after the bites until the end 
of the 6th day, the pain being so intense on the night of the fourth that I was awakened 
many times during the night. The erythema had completely disappeared by the end of the 
3rd day, and by the end of the 7th day the wheals had lost their angry red colour and 
measured only 2-3 mm. in diameter. The wheals continued to show on the skin for 37 days. 

Two other persons allowed themselves to be bitten by the fly in order to determine if there 
are individual differences in susceptibility: 

Exp. 2. P.G. reacted in a similar manner to the foregoing except that the reddened areas 
began to fade on the 4th day with the disappearance of the pruritus. The erythema dis- 
appeared within 36 hours. The wheals persisted for 20 days. 

Exp.3. R.D. had only aslight pruritus during the 2nd and 3rd days withsmall wheals 34mm. 
in diameter and a very transitory erythematous area. The wheals lasted only until the 9th day. 


From these experiments it is concluded that there is seldom any pain during 
the biting, although there are individual differences in susceptibility to the 
effect of the bites of the pigeon fly. Hase found the same to be true for the 
bites of the H. equina, and this is common knowledge for some of the other 
ecto-parasitic insects. 

The question that next presented itself was, could the flies live and reproduce 
if fed entirely on human blood? 


Exp. 1, 10. ix. 30. At 8.20 a.m. a male fly, hatched the day before, was placed on my fore- 
arm and sucked blood for 10 minutes, after which it was maintained in an incubator at 30° C. 
This fly sucked blood again for 7 minutes at 2 p.m., but did not feed at 9 p.m., after remaining 
20 minutes on the arm. 
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Sept. 11. Placed on the arm at 7.30a.m., but failed to feed. Fed for 11 minutes at 4 p.m. 

Sept. 12. 10.30 a.m., failed to feed after 25 minutes. 3 p.m., failed to feed after 20 minutes. 
At 7.30 p.m. fed for 7 minutes. 

Sept. 13. Would not feed at 9 a.m., and at 4 p.m. after 22 minutes. The fly escaped while 
trying to insert the cotton plug in the vial. This fly had lived 4 days and had fed 4 times. 


Exp. 2, 10. ix. 30. A female was first placed on the arm. It lived 5 days and fed 5 times, 
feeding twice on the 3rd day. It was kept at 30° C. between feeds (as in Exp. 1). 


Exp. 3, 19. iii. 31. A pair of flies (3 2) was placed in one of the small breeding cages which 
was then fastened to my forearm. One fly began to feed before the cage was fixed in place. 

March 20. This morning the pruritus was quite painful and when the cage was moved to a 
new spot on the arm eight red wheals due to as many bites were distinctly visible. 

March 21. The female was dead and three reddened areas were visible. Another female 
was placed in the cage. 

March 22. Four places of puncture visible. 

March 23. Three ,,_ ,, re 

March 24. Four ,, ,, 

March 26. Two 

March 27. Three ,,_,, 

March 28. Five places of puncture visible. The female died toward evening and when dis- 
sected showed no evidence of developing larvae. 

March 29. No wheals visible. 

March 30. No wheals visible. The male appeared lethargic at 8.30 a.m., it was removed and 
died before 10 a.m. 


The foregoing experiments indicate that the male and female pigeon flies 
are able to live on human blood for upwards of 12 days and 7 days respec- 
tively. During the 10 days in which they fed (Exp. 3), they punctured the skin, 
as evidenced by the wheals, 37 times (18-5 times per fly, or 1-85 times per fly 
each 24 hours). This suggests that the flies feed about twice each 24 hours, 
assuming each puncture to represent a feeding. This is oftener than reported 
by Adie (1915), for she says they feed “every day or so.” It also appears that 
the females are not able to live and produce larvae when fed exclusively on 
human blood. 


SUMMARY 


[This paper deals with the biology of Pseudolynchia maura Bigot, the pupa 
and pupation period, sex ratio, offspring per female and longevity when bred 
under laboratory conditions by feeding on pigeons (the host in nature), 
chickens, mourning dove, man (hosts more or less unsuitable). Effects of the 
bite are described.—Ed.] 
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ON THE STRUCTURE AND RELATIONSHIPS OF 
THE NEMATODE CAPILLARIA [HEPATICOLA| 
HEPATICA (BANCROFT). 


By H. A. BAYLIS, M.A., D.Sc. 
(With 2 Figures in the Text.) 
Published by permission of the Trustees of the British Museum, 


THE worm which has come to be well known (by name at least) as Hepaticola 
hepatica (Bancroft) has been recorded from a considerable variety of hosts 
and from many parts of the world. Its eggs appear to have been observed in 
rats by Chaussat (1850), and worms or eggs which probably belonged to this 
species were seen by other observers (Colin, 1862; Davaine, 1877; Generali, 
1878; Leidy, 1891). Most of these authors gave no recognisable description 
and did not name the worm. Leidy (1891) briefly described a worm which he 
named Trichosomum tenuissimum from the liver of Mus decumanus (i.e. Rattus 
norvegicus). This name, however, had been previously used by Diesing in 1851 
for a different worm, as was pointed out by Travassos (1915), who renamed 
Leidy’s species Capillaria leidyi. Travassos did not at the time recognise 
Leidy’s species as probably identical with Bancroft’s (indeed, he does not 
quote Bancroft, but “ Railliet, 1889” as the author of the name “ T'richosoma 
hepaticum”’). There seems, however, to be little doubt that Leidy and Bancroft 
were both dealing with the same species, and, Leidy’s name tenuissimum being 
preoccupied, Bancroft’s name hepaticus has precedence over Travassos’ leidyt. 

Worms or ova which are probably attributable to this species have been 
recorded from a variety of mammals, chiefly rodents. Thus besides various 
species of rats (Rattus norvegicus, R. rattus, R. alecandrinus) they are known 
from the house-mouse (Mus musculus) in Europe and Australia, the prairie- 
dog (Cynomys ludovicianus) (Weidman, 1925) and woodchuck (Arctomys 
monax) (Ratcliffe, 1931) in North America, a cavy (Cavia pamparum) in South 
America (MacDonagh, 1929), the hare (Lepus europaeus) in England (Nicoll, 
1911), the rabbit (Oryctolagus cuniculus) on the continent of Europe (Generali, 
1878, cited by Hall, 1916; Lebert, cited by Chaussat, 1850) and in England 
(Morgan, 1931)!. Gendre (in Joyeux, Gendre and Baer, 1928) records H. hepatica 
from Golunda campanae in French Guinea. 


1 Morgan does not mention more particularly the locality from which his infested rabbit came. 
The present writer had, shortly before the appearance of Morgan’s paper, received from Mr A. D. 
Middleton some portions of rabbits’ livers containing eggs which appeared to be those of H. 
hepatica, These came from Gloucestershire. Nishigori (1925) states that H. hepatica does not 
reach maturity in experimentally infected rabbits. 
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Records also exist of the occurrence of similar worms, or their eggs, in 
various mammals other than rodents. They were recorded from a dog by 
Perroncito in 1878, according to Hall, while Wright (1930 a and b) has recently 
recorded them in three out of 216 dogs examined in Washington, U.S.A., and 
refers to a record of natural infection in 8 per cent. of dogs examined in Tokyo, 
Japan, by Itagaki. Nishigori (1925) states that dogs are easily infected 
experimentally with Hepaticola. Cats likewise seem to be subject to infection 
in Japan. Eggs observed by Katsurada in the liver of a cat were re-examined 
by Asada (1929) and recognised as those of H. hepatica. Nishigori (1925), 
however, states that he was unable to infect cats experimentally. 

Asingle case of human infection! has been recorded in India (Dive, Lafrenais 
and MacArthur, 1924), while the natural infection of chimpanzees in French 
West Africa is recorded by Troisier, Deschiens, Limousin and Delorme (1928 
aand b). In the last-mentioned case the worms were provisionally regarded as 
a species distinct from H. hepatica, and named Hepaticola anthropopitheci. 
Since, however, this view is admittedly based only on a supposed difference 
in the size of the eggs, and not on any morphological character of the adult 
worms (which are not described), it seems to have little cogency. A previous 
record of eggs which were probably those of Hepaticola in the liver of a chim- 
panzee is that of De Gasperi (1913). 

Through the kindness of a correspondent, Mr M. Chance, the writer has 
recently obtained evidence of very frequent and heavy infection among a 
colony of wood-mice (Apodemus sylvaticus) in Buckinghamshire. The wood- 
mouse appears to be a hitherto unrecorded host for Hepaticola. The livers 
of these mice contain large numbers of eggs which are apparently typical 
examples of the eggs of H. hepatica, and it has also been possible to extract 
from them a considerable number of adult worms, mainly, of course, in a 
fragmentary condition. Owing, no doubt, to the great difficulty of obtaining 
specimens by dissection from the liver tissue of the hosts, our knowledge of 
the morphology of the adults of H. hepatica is still based almost entirely on 
the observations of its first describer, Bancroft (1894). The account of it 
given by Hall (1916) is mainly taken from this source*. Bancroft gave no 
figures of the adult worms, but described them very briefly, under the name 
of Trichocephalus hepaticus, in the following terms: 

“One and a-half to two inches (40-50 mm.) long, white in colour, with one 
portion tapered gradually to an extremely fine lash, the termination of which 
is invisible to the naked eye, being only 7 to 10 across at the head. The 
body is tapered for half its length in the male, but for only a third in the 
female. The skin shows very fine striae, the whole structure of the body is 

1 Faust (1931) records nine human cases as having been diagnosed (by what means is not 
stated) in Panama. 

2 Johnston (1918) erroneously quotes Hall as giving the length of the worms as “4 to 5 inches 
(10-12 cm.).” Hall’s description actually reads “Worms 4 to 5 (10-12) cm. long.” “4 to 5 cm.” 


corresponds to Bancroft’s measurements (see below). It is not clear how the figures in brackets 
were obtained. 
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more delicate than that of Trichocephalus dispar, and more resembles that of 
the genus Filaria. The genital pore is situated 6 or 7 mm. from the head, there 
is a membraneous funnel-shaped vulva. The male organ is prolonged from the 
caudal extremity and appears to consist of a membraneous sheath without any 
spicule. Width of middle of body of mature females 100 to 120, across 
tail of females, which is blunt 65, across tail of males 28 p.” 

Hall (1916), on the strength of Bancroft’s description, erected for this 
species the genus Hepaticola, of which he gave the following diagnosis: 

“Trichurinae: Anterior esophageal portion of the body shorter than the 
posterior portion, which is only slightly thicker. No spicule. Bacillary band 
apparently not present.” 

The genus Hepaticola, founded on these characters (two of which, as will 
be seen shortly, appear to be incorrect), has been generally accepted by sub- 
sequent authors as distinct from Capillaria, to which it obviously bears a very 
close relationship. 

So far as the writer is aware, no author since Bancroft has given any 
description of the male of H. hepatica. Nishigori (1924) figures the anterior 
portion of a female, but the English summary of his paper contains no de- 
scription of this species. Wright (19306) has described fragments of worms 
obtained from the liver of a dog. This animal had been experimentally in- 
fected with eggs found occurring naturally in the livers of three dogs at 
Washington. Wright states that a fragment of a male, about 11 mm. long, 
was obtained. ‘“‘The posterior extremity of the male is provided with a mem- 
branous sheath, but no spicule is present.” A few measurements are given, 
but these (apart from the size of the eggs) are chiefly those of the spicule- 
sheath, and probably of little value as specific characters, owing to the great 
variation possible in the appearance of this organ. An attempt to infect a rat 
with the eggs from dogs was unsuccessful, and in the absence of a satisfactory 
description of H. hepatica, Wright considered it inadvisable to assign the 
form found in dogs to that species. It was therefore left as an unnamed species 
of Hepaticola. 

It will be seen that Wright’s description confirms that of Bancroft (in 
almost the same words) with regard to the presence of a membranous sheath 
in the male, and the absence of a spicule. 

So inadequate are the available data on the morphology of the adult 
worm that for specific determination we are practically forced to rely upon the 
characters of the eggs. Fortunately, among members of the Capillaria group 
of the family Trichinellidae, the surface-pattern and structure of the egg- 
shells are often highly characteristic of the species to which they belong, and 
the eggs of H. hepatica are perhaps as characteristic as any. Considerable 
variation appears to occur in their size, as has been pointed out by several 
authors, but the structure and appearance of their shells, when fully formed, 
are extremely constant. 

Relying, then, mainly on the characters of the eggs, the writer assumes that 


ay 
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his material from Apodemus sylvaticus belongs to the species pescribed by 
Bancroft. This material appears to throw new light not only on the characters 
of the species H. hepatica but on those of the genus Hepaticola, and changes 
of such importance are necessitated in the generic definition that it is very 
doubtful whether the genus can stand. The longest fragment of a male hitherto 
obtained by the writer (an anterior portion) is about 16-5 mm. long, of which 
about 6-7 mm. is occupied by the oesophageal region. In another male 
anterior portion the oesophagus measures 5-2 mm. The maximum thickness 
of the male appears to be 0-065-0-07 mm. An immature female, which was 
dissected out entire, measures about 38 mm. in length, of which the oesophagus 
occupies 435mm. Its maximum thickness (in the posterior oesophageal 
region) is about 0-1 mm. In two mature females, of which the anterior portions 
were obtained in good condition, the oesophagus measured respectively 
6-3 mm. and 9-9 mm. in length. The maximum thickness of the oesophageal 
region is 0-18 mm. This is followed by a narrower region in which the vulva 
and vagina are situated, but in gravid females the posterior portion of the 
body widens to a maximum width of 0-2-0-23 mm. .Hall’s (1916) statement 
that the oesophageal portion of the body is “about equal in length to [the] 
posterior portion” in the male, while in the female it is “half as long as the 
posterior portion” is misleading. It appears to be a paraphrase of Bancroft’s 
words (quoted above) to the effect that the tapered anterior portion of the 
body occupies half of the whole length in the male, and a third of it in the 
female. The tapered portion and the oesophageal region are not, however, 
synonymous. 

Hall states that a bacillary band is “apparently not present.” It is not 
clear whether this represents an original observation, or is merely based on 
the fact that Bancroft makes no mention of such a structure. However, well- 
developed bacillary bands, apparently situated dorsally and ventrally, can 
be observed in the writer’s specimens. They are especially conspicuous in the 
oesophageal region, but extend (at least in the female) throughout the greater 
part of the body?. 

The posterior portions of four males were obtained, and these show at 
least one feature which is entirely at variance with the present conception of 
the genus. In all of them there is a quite well-developed spicule (Fig. 1, sp.). 
This organ appears to be rather slightly chitinized, and might possibly, in an 
immature specimen, be difficult to detect. In all four of the present specimens, 
however, it is quite a conspicuous organ, and of fairly constant dimensions. 
Its length, in the four specimens respectively, is 0-425, 0-44, 0-465 and 0-5 mm. 
It is slightly expanded at the root, cylindrical for the greater part of its length, 
but with a slight fusiform thickening towards its distal end. Its tip tapers to 
a fine point. The spicule is contained in a protrusible membranous sheath 


1 The presence of bacillary bands was not mentioned in the original description of Hepaticola 
gastrica Baylis (1926). On re-examining the specimens the writer finds that here also well- 
developed bacillary bands are present. 
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(Fig. 1, s.). The distal end of this sheath, when well evaginated, is capable of 
expansion to form a large funnel-shaped dilatation. This was well seen in 
lactophenol preparations, but unfortunately the specimens figured had been 
mounted in glycerine jelly before the drawings were made, and the delicate 
membrane of the sheath had collapsed and become much wrinkled. The sheath 
appears to be without spines. The posterior end of the body is blunt and with- 
out alae. In some individuals slight cuticular swellings may be present near 


Ut 


Fig. 1 
Fig. 1. Capillaria hepatica. Posterior end of male, with spicule and sheath protruded. A, dorsal 
view; B, lateral view. p., papilla; s., spicule-sheath; sp., spicule. 
Fig. 2. Capillaria hepatica. Posterior end of male, with spicule and sheath retracted; ventral 
view; p., papilla. 


the posterior end, but these are not constant in number or position, and are 
probably artifacts. The cloacal aperture is sub-terminal, and is overhung 
posteriorly by a very short projection, showing a faint indication of division 
into a pair of lobes, and bearing a pair of papillae (Figs. 1 and 2, p.) on its 
ventral surface. 

The vulva of the female, as in many species of Capillaria, and as stated by 
Bancroft, is provided with a protrusible, membranous, funnel-like structure. 


~ 
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The eggs, as already stated, appear to be morphologically typical. Measure- 
ments of the length and width of 50 eggs were taken, and gave the following 
results: extremes, length 52-5-67-5, width 30-35; average length 62-25, 
average width 33-75. These eggs had been mounted in various media (lacto- 
phenol, glycerine, glycerine jelly, Canada balsam). They were mostly eggs 
which were in the liver tissue of the host, and were therefore fully formed and 
already laid by the parent worms. In a few cases they were still in the vagina 
(not the uterus) of the female worm. Eggs in the vagina did not appear to 
differ in size from those already deposited. No constant differences were 
observed in the size of the eggs in the different media, so that there was no 
evidence that the variations in size were in any way due to artificial causes. 
There was, however, some evidence that the eggs produced by different 
individual worms varied somewhat in size, one female producing eggs of a 
larger average size than another. The ratio between the length and breadth 
of the eggs also varies somewhat, so as to produce certain variations in their 
shape. 

The measurements obtained are in very close agreement with those pre- 
viously published by a number of authors. Some of these are given in Table I. 

As we have seen, worms believed to be H. hepatica, the genotype of Hepati- 
cola, possess bacillary bands, and a spicule is present in the males. There is, 
therefore, no longer any ground for separating Hepaticola from Capillaria 
(vide Hall’s definition). But there remains the question of the validity of 
the genus Eucoleus Dujardin, 1845, which is regarded by some authorities as 
distinct. 

Dujardin (1845, p. 23) defines the genus Eucoleus as containing worms 
which “‘se distinguent des trichosomes [i.e. Capillaria] et des autres Néma- 
toides de la premiére section [7.e. his genera Thominz, Calodium and Liniscus, 
and Trichocephalus Gze.| par la structure de l’appareil copulatoire du mile, 
consistant en une gaine trés-longue, trés développée et hérissée d’épines, mais 
& travers laquelle on ne distingue point, comme chez les autres, un spicule 
corné. Leur habitation et leur mode de développement doivent les distinguer 
aussi, car les deux espéces connues vivent engagées dans le mucus des bronches 
ou de la trachée, et portent leurs ceufs agglutinés sur leur tegument, par une 
sorte de mucilage épais.” 

Eucoleus was treated by Baylis and Daubney (1926), along with Dujardin’s 
other three “genera,” as a synonym of Capillaria. Yorke and Maplestone 
(1926), however, have treated it as a distinct genus (although they suggest 
that it is possibly identical with Hepaticola), and define it as follows: 

“CAPILLARIINAE: anterior (oesophageal) portion of the body much shorter 
than the posterior portion; dorsal and ventral bacillary bands present. Male: 
tail consisting of two short lobes united by a delicate membrane; spicule 
absent, represented by a copulatory sheath, protrusible and thickly armed with 
fine spines. Female: posterior extremity curved slightly, tail blunt; vulva 
lateral [sic], not projecting, and opening at the termination of the oesophagus. 
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Oviparous, eggs whitish with a thick granular shell, they are held on the surface 
of the worm by a kind of mucilage. Parasites of the respiratory tract of 
mammals.” 

The type species of Eucoleus is E. aerophilus (Creplin, 1839), a parasite of 
the lungs of Carnivores (cat, dog, fox and marten). Two other species from 
mammals have been attributed to the genus—E. tenuis Dujardin, 1845, from 
the lungs of the hedgehog (Hrinaceus europaeus), and E. baskakowi Schulz, 


Table I. (Measurements in p.) 


In rats Length Width 
Bancroft, 1893 55 30-35 
Railliet, 1889 52-55 29-32 
Leidy, 1891 (“Trichosomum tenuissimum”) 40 32 
Hall, 1916 (maximum) 52 oo 
Johnston, 1918 46-60 28-32 
MacArthur, 1924 (average) 55:4 29 
Weidman, 1925 48-56 26-32 
Baylis, 1926 62-5-67°5 30-32-5 

49-9-60-9 27-7-33-2 
Uyeyama, 1928 (average) 55 30-8 
Troisier, Deschiens et al., 1928, 1930 
(average) 55 29 

In A podemus 

52-5-67-5 30-35 
Baylis (present paper) (average) 62-25 33-75 

In Cynomys 
Weidman, 1925 52-57 29-32 

In Cavia 
MacDonagh, 1929 48-5-50 28-5-30 

In hare ian 

: (in scraping of liver) 57 33 
*Nicoll, 1911 {in “vagina” of worm) 70-78 40-45 

In rabbit 
Morgan, 1931 (average) 54 32 

In dog 

53-59 30-32 
Wright, 19306 (Hepaticola sp.) 

In chimpanzee 
Troisier, Deschiens et al., 1928, ? 

1930 (Hepaticola (average) 29 

In man 
MacArthur, 1924 (average) 55-2 30-3 


1929, from the trachea and oesophagus of a ground-squirrel, Citellus musicus. 
In the light of the characters now described for the genotype of Hepaticola, 
it appears that H. gastrica Baylis, 1926, from the stomach-wall of rats, should 
not have been referred to that genus, but rather to Eucoleus, if the latter be 
regarded as valid. The male of H. soricicola Yokogawa, in Nishigori, 1924, 

* The two types of egg observed by Nicoll are somewhat puzzling. Morgan (1931) quotes 
Nicoll as recording the larger eggs from the vagina of the worm and the smaller from the uterus. 
Nicoll, however, definitely states that the smaller eggs came from scrapings of the liver of the 
host. These would, therefore, be strictly comparable with the measurements given by most of 


the other authors. It is not clear why Morgan considers eggs in the uterus more “normal” than 
those in the vagina. 
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from the liver of Sorex sp., and that of H. muris Uyeyama, 1928, from the 
stomach-wall of rats, in Japan, do not appear to have been described, so that 
it is not clear on what grounds these species have been assigned to Hepaticola. 

Forms agreeing with the definition of Zucoleus in apparently having no 
spicule are not uncommon in the alimentary and respiratory tracts of birds. 
The writer has seen such forms, in which no spicule was detected, from the 
following: Gizzard of Norfolk plover (Oedicnemus oedicnemus); oesophagus of 
garganey teal (Querquedula circia) and shoveller (Spatula clypeata); trachea 
of starling (Sturnus vulgaris). Wassilkowa and Gouchanskaja (1930) have 
recently ascribed to Eucoleus three species found in birds, viz., E. strumosus 
(Reibisch, 1893) from Phasianus colchicus, Gallus gallus and Lyrurus tetrix; 
E. corvicola’ Wassilkowa, 1930, from Pica pica, Corvus cornix and Garrulus 
glandarius; and E. laricola Wassilkowa, 1930, from Larus spp., Sterna hirundo 
and Hydrochelidon nigra. They state that in none of these is there the least 
trace of a spicule. 

In the writer’s experience it is not unusual to meet with forms of ‘“‘Capil- 
laria”’ in which the spicule appears to be so feebly chitinized that it is extremely 
difficult to detect, and it seems by no means improbable that in some cases the 
statement that a spicule is absent may be erroneous. It may, in fact, in any 
given form, prove impossible to state definitely either that a spicule is present 
or that it is absent. The same observation applies to the presence or absence . 
of bacillary bands. As in the case of Hepaticola, therefore, it seems impracti- 
cable to maintain a generic distinction between Eucoleus and Capillaria, and 
in the writer’s view both Hepaticola and Eucoleus should, until more adequate 
evidence is forthcoming to the contrary, be regarded as synonyms of Capil- 
laria. 

The genera Thominz, Calodium and Liniscus, in addition to Eucoleus, were 
proposed by Dujardin (1845) as distinct from “Trichosomum.” He distin- 
guished them by means of a key of which the following is a translation: 


A. Sheath short (equal to twice the diameter of the body), smooth, without dilatation. 
Trichosomum. 
B. Sheath long (equal to more than ten times the diameter of the body). 
a. Sheath long, spiny. 
a. Sheath without dilatation, spicule thick. Posterior extremity of body expanded and 
lobate. Thominz. 
b. Sheath with a dilatation within the body. Spicule absent or not distinct. 
Eucoleus. 
b. Sheath very long, not spiny, but folded or striated transversely or obliquely; without 
a dilatation, often floating [? protruded}. 
a. Posterior portion of body not thickened, of almost uniform diameter. Calodium. 
b. Posterior portion of body gradually thickened as far as the middle, then much 
tapered behind. Liniscus. 


1 Petrov (1930) mentions ‘“‘Hucoleus avicola Wassilkowa, 1929” from Garrulus glandarius 
and Corvus cornix. Presumably this is the same as £. corvicola. 
2 The meaning of Dujardin’s word flottante in this connection is not quite clear. 
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It seems obvious that these characters, many of which may vary with the 
state of contraction and protrusion of the spicule-sheath, are quite inadequate 
as generic distinctions. Travassos (1915) has made use of Thominz as a sub- 
genus of Capillaria, to contain species in which the sheath is spiny, but even 
this subdivision seems of doubtful value, and in the writer’s opinion (which | 
appears to be that of the majority of recent authors) Thominz, Calodium and 
Liniscus, like Eucoleus, should be suppressed as synonyms of Capillaria. This 
genus contains a very large number of inadequately described species, and 
unfortunately characters for their better separation are apparently hard to 
find, but nothing is to be gained by raising such small points as the presence 
or absence of spines in the spicule-sheath to the rank of generic or sub-generic 
characters. 


The following is an attempt to redefine the genus Capillaria in accordance 
with the foregoing considerations. 


Capillaria Zeder, 1800. 
Synonyms: T'richosoma Rudolphi, 1819; Trichosomum Creplin, 1839; Calodium Dujardin, 
1845; Thominz Dujardin, 1845; Liniscus Dujardin, 1845; Hucoleus Dujardin, 1845; 
Hepaticola Hall, 1916. 


Trichinellidae, Trichurinae': Body very slender. Oesophageal portion 
usually shorter than the posterior portion, which is only slightly thicker. One 
or more longitudinal (dorsal, ventral or lateral) “‘bacillary bands” usually 
present. Male with a protrusible, membranous copulatory sheath, or spicule- 
sheath, the lining of which (the outer surface when everted) may be smooth 
or spiny. A spicule is usually present, but may be very slightly chitinized or 
absent. The caudal end of the male is frequently provided with delicate alae 
or a bursa-like structure. Vulva of female close behind the junction of the 
oesophagus and intestine, and often provided with a protrusible, membranous, 
funnel-like structure. Eggs barrel-shaped or lemon-shaped, with polar oper- 
cula. The surface of the outer layer of the egg-shell may be smooth or variously 
ornamented. 

Hab.: Alimentary canal, liver, urinary bladder or respiratory passages of 
all groups of vertebrates. 

Genotype: C.[Trichocephalus] anatis (Schrank, 1790) (= C. tumida Zeder, 
1803 = Trichocephalus capillaris Rudolphi, 1809 = Trichosoma brevicolle Ru- 
dolphi, 1819). 


The names of the species discussed in this paper should thus become: 

Capillaria hepatica (Bancroft, 1894); Capillaria gastrica (Baylis, 1926); 
Capillaria aerophila (Creplin, 1839) Travassos, 1915; Capillaria tenuis (Dujar- 
din, 1845) Travassos, 1915; Capillaria baskakowi (Schulz, 1929); Capillaria 


? For the sense in which these groups are used, see Baylis and Daubney (1926), pp. 237-239. 
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soricicola (Yokogawa, in Nishigori, 1924); Capillaria muris (Uyeyama, 1928); 
Capillaria strumosa (Reibisch, 1893) Travassos, 1915; Capillaria corvicola 
(Wassilkowa, 1930); Capillaria laricola (Wassilkowa, 1930). 


SuMMARY. 


1. Some account of the occurrence of “Hepaticola” hepatica in various 
hosts is given, and it is recorded from the wood-mouse (A podemus sylvaticus) 
in England. 

2. Some additions and corrections are made to the morphological des- 
scription of “‘H.” hepatica, which is shown to possess characters (presence of 
“bacillary bands,” presence of a spicule in the male) the supposed absence of 
which had led to the erection of the genus Hepaticola as distinct from Capil- 
laria. 

3. The status of the genera Hepaticola, Eucoleus, Thominx, Calodium and 
LTiniscus is discussed, and the conclusion is reached that these should all be 
suppressed as synonyms of Capillaria, which is redefined. 
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